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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
WashingUmy  D.  (7.,  July  30,  1910. 

Sib:  I  hare  the  honor  to  transmit  herewith  and  to  recommend 
for  publication  as  Bulletin  No.  192  of  the  special  series  of  this 
Bureau  the  accompanying  manuscript,  entitled  '' Drought  Resistance 
of  the  Olive  in  the  Southwestern  States/'  This  paper  was  prepared 
by  Prof.  Silas  C.  Mason,  Arboriculturist  in  Crop  Physiology  and 
Breedmg  Investigations,  and  has  been  submitted  by  Mr.  Walter  T. 
Swingle,  Physiologist  in  Charge,  with  a  view  to  its  publication. 

The  data  upon  which  the  paper  is  based  were  obtained  from  the 
study  of  olive  plantations  made  in  Arizona  and  California,  started 
under  irrigation,  but  afterwards,  through  the  failure  of  the  water 
supply,  left  to  their  fate. 

While  most  fruit  trees  and  vines  planted  under  similar  conditions 
8oon  perished,  the  olive  trees  have  survived  and  made  considerable 
growth,  showing  themselves  to  be  true  desert  plants  having  marked 
drought-resistaDt  characters. 

So  strong  is  this  characteristic  in  the  case  of  some  of  the  varieties 
of  olives  grown  for  oil  that  it  is  considered  desirable  to  investigate 
the  possibility  of  olive  culture  for  oil  production  in  those  areas  in 
Ae  Southwest  having  favorable  conditions  as  to  temperature  and 
8«1,  but  with  a  rainfall  not  heretofore  believed  to  be  sufficient  for 
crop  production.  At  the  same  time  those  who  desire  to  experiment 
should  be  warned  not  to  plant  extensively  until  the  possibiUties  of 
ferit  production  in  any  particular  region  have  been  thoroughly 
iBVtttjgated. 

With  the  enactment  and  enforcement  of  the  Pure  Food  Law  the 
production  of  olive  oil  in  the  Western  States  is  now  on  a  much 
iflerent  footing  from  that  of  a  few  years  ago.  Where  large  quan- 
tities of  cheap  adulterants  and  substitutes  were  then  sold  as  pure 
^e  oU,  now  the  olive  grower  has  a  market  for  his  product  on  its 
teite.  With  the  better  prices  now  prevailing,  there  seems  to  be 
Qteouragement  for  a  considerable  extension  of  the  oil-olive  industry. 
m  3 
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Mr.  Thomas  H.  Kearney  has  published  a  bulletin  in  this  se 

entitled  "Diy-Land  Olive  Culture  in  Northern  Africa,"  descrii 

the  methods  pursued  in  dry-land  olive  culture  in  southern  Ti 

methods  which  are  now  being  tested  in  this  country  by  Prof.  £ 

Mason  and  Mr.  Kearney  in  cooperation. 

RespectfuUy,  G.  H.  Powell, 

Acting  Chief  of  Bureau 
Hon.  James  Wilson, 

Secretary  of  AgricvUure, 
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DROUGHT  RESISTANCE  OF  THE  OLIVE  IN 
THE  SOUTHWESTERN  STATES. 


INTBODUCTION. 

Olive  culture  in  the  United  States  has  passed  through  many  vicis- 
situdes. Hence,  for  the  fullest  knowledge  of  this  industry  to-day 
we  should  study  not  only  those  cases  where  olive  planting  has  been 
a  financial  success,  but  the  frequent  instances  where  a  more  or  less 
successful  growth  of  olive  trees  has  been  obtained  without  a  remuner- 
ative production  of  fruit.  The  olive  tree  may  maintain  life  and  even 
make  considerable  growth  under  conditions  of  drought  and  heat  so 
severe  that  only  the  most  hardy  types  of  desert  trees  are  able  to  survive 
them,  yet  the  margin  between  such  a  purely  vegetative  growth  and  the 
production  of  fruit  in  remunerative  quantities  may  be  a  very  wide 
one,  so  wide  that  to  invest  money  in  the  planting  and  care  of  olive 
trees  on  a  commercial  scale  under  such  conditions  would  be  sheer 
folly. 

Again,  it  may  occur  that  one  olive  grove  is  producing  bountifully 
whUe  another  near  by,  under  substantially  the  same  conditions  as  to 
temperature,  rainfall,  and  soil  may  give  but  a  scant  return.  Here  the 
choice  of  varieties,  the  distance  of  planting,  and  the  methods  of  cul- 
ture and  pruning,  factors  all  within  the  control  of  the  grower,  may  be 
quite  sufficient  to  explain  the  difference  between  success  and  failure. 

In  fact  with  any  given  example  of  olive  trees  which  do  not  fruit, 
especially  if  they  are  distant  from  productive  trees  for  comparison, 
only  the  closest  study  and  thorough  experimentation  can  determine 
how  narrow  the  margin  may  be  between  their  present  conditions  and 
those  of  profitable  fruit  production. 

When  any  plant  of  economic  value  is  found  to  possess  great  ability 
to  resist  drought  or  heat  that  fact  in  itself  becomes  a  matter  worth 
close  investigation.  How  does  it  obtain  its  supply  of  moisture  ?  By 
means  of  deeply  penetrating  roots  or  of  superficial  roots  exploring 
great  areas?  Has  it  some  provision  for  the  storage  of  moisture  in 
time  of  surplus?  Does  it  possess  peculiarities  of  stem  or  leaf  struc- 
ture by  which  the  small  moisture  supply  is  conserved  to  the  utmost 
and  the  living  cells  insulated  and  protected  in  the  most  effecti' 
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manner  against  the  desiccating  effects  of  dry  air  and  intense  heat? 
We  may  even  inquire  whether  its  cycle  of  growth  in  relation  to  the 
seasons  does  not  undergo  an  adjustment  adapting  itself  to  periods  of 
drought  and  rainfall. 

The  present  bulletin  is  an  attempt  to  answer  such  questions  in 
relation  to  the  olive,  and  the  material  upon  which  it  is  based  has  been 
furnished  by  a  number  of  plantations  of  olives  made  in  the  more  arid 
parts  of  Arizona  and  California,  where  through  failure  of  the  irriga- 
tion systems  the  trees  were  thrown  on  their  own  resources.  It  is 
noteworthy  that  in  all  such  cases  where  besides  olives  other  fruit 
trees  were  planted,  few  of  the  olives  died  and  almost  without  excep- 
tion all  other  fruit  trees  perished. 

DBY-LANI>  OLIVE  IKTVESTIGATIONS. 

In  the  writer's  study  of  the  possibilities  in  dry-land  tree  growth  in 
southern  Arizona  and  southern  California  his  attention  has  been 
called  to  several  cases  of  abandoned  plantations  where,  along  with 
other  fruit  and  ornamental  trees,  considerable  blocks  of  olives  had  been 
planted.  With  the  failure  of  the  irrigation  canals  and  the  consequent 
cessation  of  care  and  culture  of  the  trees,  almost  all  kinds  died. 

The  survival  of  the  olives,  and  not  only  their  survival  but  continued 
growth  and  luxuriant  appearance,  was  so  notable  a  feature  as  to 
attract  the  attention  of  observing  ranchmen  of  the  vicinity,  for  it  must 
be  kept  in  mind  that  these  were  localities  where  irrigation  was  not 
simply  a  convenience,  but  an  absolute  necessity  to  the  growing  of 
every  crop  at  present  known  to  them. 

The  examples  given  below  showing  not  the  results  of  careful  test 
and  experimentation  but  results  obtained  unwittingly  and  in  the  face 
of  disaster  seem  worthy  of  careful  record  when  studied  in  the  light 
of  the  remarkable  dry-land  olive  culture  in  Tunis,  for  the  first  time 
brought  to  the  attention  of  this  country  by  Mr.  Thomas  H.  Kearney ,* 
of  the  Bureau  of  Plant  Industry. 

EXAMPLES  OF  DBOXJGHT  RESISTANCE  OF  THE  OLIVE  IN  THE 

UNITED  STATES. 

AN   ABANDONED   OLIVE   GROVE   AT   CASA   GRANDE,    ARIZ. 

The  first  of  the  abandoned  plantations  noted  was  that  known  as 
the  Bogart-Degolia  ranch,  2  miles  south  of  Casa  Grande  station  in 
Pinal  County,  Ariz.  (See  fig.  1.)  The  altitude  of  the  station  is 
about  1,396  feet,  and  the  olive  orchard  is  only  a  few  feet  higher. 
The  mean  annual  temperature  for  the  twenty-three  years  recorded  is 
72°  F.,  and  the  average  annual  rainfall  is  6.88  inches. 

a  See  "  Dry-land  Olive  Culture  in  Northern  Africa,"  Bulletin  125,  Bureau  of  Plant 
Industry,  U.  S.  Dept,  of  Agriculture,  1908. 
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Figure  2  shows  prapliically  the  average  rainfall  by  months  for  Casa 
Grande,  Ariz.,  and  adjacent  stations,  from  1897  to  1908,  inoliisive. 
The  two  periods  of  greater  rainfall  each  year,  one  culminating  in 


ingust  and  on©  in  November,  with  May  and  June  nearly  rainless, 
IR  characteristic  of  the  region. 

The  range  of  temperature  during  the  year  is  from  a  minimum  of 
ii'or  28**  v.,  with  occasional  years  as  low  as  17°,  to  a  maximum  of 
IIT"  to  1:22°  F.  The  mean  relative  humidity  recorded  for  Phoenix 
b  Table  II  and  graphically  illustrated  in  figure  3  will  not  be  far 
(wm  correct  for  the  Casa  Grande  region. 
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The  country  around  CaBa  Grande  is  a  wide  plain,  through  the 
leTel  of  which  the  mountains  appear  to  be  thrust  up,  so  abruptly 
do  the  scattering  groups  and  single  low  peaks  break  the  surface. 
These   mountains    are    lai^ely 
composed  of  a  soft,  rapidly  dis- 
integrating granite,  with  much 
feldspar  in  its  composition,  and 
their  decay  determines  the  char- 
acter of  the  soil,  which  is  coarse 
and  gravelly  around  the  moun- 
tain base,  sandy  with  more  of 
clay  a  little  farther  away,  and 
of  a  stiff  clay  nature  mingled 
with  bars  of  sand  and  gravel 
along    the     drainage    courses, 
scarcely  as  yet  marked  as  stream 
channels,  which  serve  to  carrj' 
away  the  run -off  from  the  occa- 
sional U)rrential  rains  so  char- 
™.!.-D,.™,.Krt» ».„«..„.» »!.»..    "ctoUtic  Of  the  region. 
atca™ofancic,MBrt™pa.rhMiiix,anciMe3B.Afii.,        The  most  important  of  these 
SB  presented  In  TBbie  I.  watcr  courscs,  sometimes  digni- 

fied on  the  maps  by  being  called  the  Santa  Cruz  River,  is  locally  given 
the  more  appropriate  name  "Santa  Cruz  Wash."     While  along  its 
upper  course,  from  the  Mexican  boundary  down  to  Tucson,  there  is 
a  pretty  well-marked   channel  and    a 
more  or  less  continuous  flow  of  water, 
in  the  neighborhood  of  Casa  Grande  a 
slightly    cut    channel,   a   broad,   well- 
marked  flood  area,  and  a  still  broader 
belt  of  mesquite  growth  mark  the  course 
of  the  so-called  river. 

The  popular  idea  that  there  is  a 
strong  underflow  of  wat«r  the  entire 
length  of  this  valley  is  given  support  by 
the  heavy  belt  of  mesquite  which  occurs 
with  more  or  less  regularity  along  the 
course.  This  tree  is  well  known  through- 
out the  desert  regions  of  the  South- 
west as   possessing  a  remarkable  root    p,„  3  .Di^p^   .howing  the   men 

sy3t<!m,    able    to     Jtenetratc     to     water-         monthly  rehiUve  humidity  at  rhoenb, 

bearing  strata  at  depths  of  30   U>  50       Am.,=.pr«.ht*dinT.b!en. 
feet.     The   further  fact  that  the  railroad  wells  along   the  line  of 
the   Southern  Pacific   t'onipany,    particularly   those    at    Maricopa 
and  Casa  Grande,  2  or  3  miles  away  from  the  main  channel,  afford 
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an  abundant  flow  of  water  from  deep  borings,  in  which  the  water 
rises  to  within  40  to  50  feet  of  the  surface,  seems  to  confirm  the 
impression. 

The  ranch  of  which  the  olive  orchard  forms  a  part  lies  fully  3 
miles  south  of  the  main  Santa  Cruz  channel,  with  a  gentle  slope 
toward  it.  A  heavy  mesquite  growth  had  first  to  be  removed  as  a 
preparation  for  planting,  and  much  growth  of  the  same  nature  is 
still  to  be  found  adjacent,  indicating  the  presence  of  a  water  supply 
at  a  depth  of  30  to  50  feet.  The  soil  contains  a  large  percentage  of 
coarse  granitic  sand,  but  with  enough  clay  to  give  it  considerable 
body  and  cause  it  to  bake  when  dry.     (See  Tables  IV  and  V.) 

THE    BOGART-DEGOLIA   OLIVE   GROVE. 

According  to  the  best  testimony  available,  the  Bogart-Degolia 
ranch  was  planted  in  1893.  It  was  at  the  time  of  the  highest  pros- 
perity of  the  so-called  Florence  canal,  which  took  water  from  the 
Gila  River  near  the  town  of  Florence.  About  20  acres  of  the  ranch 
were  set  to  Muscat  and  Thompson  seedless  grapes,  figs,  apricots, 
prunes,  and  olives,  there  being  perhaps  5  acres  of  olives.  The  sup- 
ply of  water,  while  never  abundant,  was  adequate  for  several  years, 
and  the  enterprise  gave  every  promise  of  success. 

Owing  to  the  partial  failure  of  the  water  for  the  past  seven  or 
eight  years,  the  trees  have  had  no  water  save  the  rainfall  and  a  little 
local  run-off  that  the  otherwise  dry  ditches  carried  to  the  orchard. 

We  have  no  record  of  the  exact  order  in  which  the  trees  began  to 
perish.  When  examined  in  March,  1907,  all  the  trees  planted  were 
dead  except  the  olives,  a  few  Arizona  ash  {Fraxinus  velutina)  which 
had  been  set  along  the  main  ditch  where  they  could  profit  by  tlie 
run-off  which  it  could  collect,  and  a  few  fig  trees  which  still  sent 
feeble  sprouts  from  the  base.  Appearances  would  indicate,  however, 
that  the  apricots  and  prunes  were  the  first  to  succumb,  followed  by 
the  figs. 

After  the  place  was  deserted,  cattle  and  horses  dependent  on  the 
scanty  desert  herbage  broke  into  the  inclosure  and  attacked  the 
olive  trees,  browsing  off  all  of  the  tender  growth  within  reach.  This 
fact  in  itself  bears  testimony  to  the  scantiness  of  forage  on  this  plain, 
for  of  all  the  forms  of  vegetation  brought  forward  as  forage  plants 
the  olive  has  not  so  far  been  considered  in  the  United  States.**  Manv 
of  these  trees  were  browsed  and  broken  till  mere  prongs  and  stubs, 
3  or  4  feet  high,  were  all  that  was  left  of  them.  None  of  the  trees 
seem  to  have  been  pruned  from  the  first,  and  the  greater  number  of 
them  had  formed  several  divergent  stems  from  tlie  ground.     It  was 

«  Mr.  Thomas  H.  Kearney  states  that  during  dry  years  in  Algeria  branches  cut 
from  olive  trees  are  a  regular  forage  supply .    See  Bulletin  80,  Bureau  of  Plant  Industry, 
IT.  S.  Dept.  of  Agriculture,  p.  80. 
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usually  where  the  outer  stems  had  formed  a  sufficient  barrier  agi 
the  stock- that  the  central  ones  had  attained  an  adequate  growth 
enable  them  to  resist  attack. .  Many  of  these  have  reached  a  hei 
of  12  to  15  feet,  and  a  few  exceptionally  strong  specimens  are  18 
20  feet  high.     (See  PL  I,  fig.  1.) 

The  foliage  is  a  dark,  luxuriant  green,  and  vigorous  new  growth 
being  made,  even  on  those  trees  that  have  been  most  severely  crop 
back  by  cattle.  The  whole  plantation  is  a  notable  landmark  on  i. 
desert  plain  and  can  be  seen  for  a  long  distance.  In  fact,  uncul 
vated  and  abandoned  to  struggle  for  itself,  the  olive  has  made 
winning  fight  in  fair  competition  with  the  mesquite  of  the  surroun 
ing  desert,  even  though  it  has  lacked  the  thorny  defense  again 
grazing  animals  which  nature  has  supplied  to  the  desert  tree. 

The  uniform  distance  in  setting  out  this  entire  plantation  was  id 
squares  24  feet  apart.  This  would  prove  to  be  rather  too  closflj 
planting  even  in  an  orchard  having  an  abundant  supply  of  wateTyj 
but  where  the  supply  is  as  scant  as  this  plain  affords  experience  hafli 
shown  that  this  spacing,  which  provides  for  75  trees  to  the  acre,  lai 
much  too  close.  The  luxuriant  growth  of  a  portion  of  these  trees 
was  doubtless  made  possible  by  the  weakened  competition  of  those 
closely  cropped  by  stock.  The  olive  tree  has  the  ability  to  produce 
a  system  of  shallow  roots,  fully  occupying  the  ground  for  a  wide 
radius  around  each  tree.  But  a  few  years  are  needed  for  a  tree  to 
completely  take  possession  of  the  soil  over  a  radius  of  12  feet,  after 
which  the  struggle  must  begin  with  neighboring  trees  for  the  avail- 
able moisture. 

A  detailed  study  of  the  roots  of  a  typical  tree  was  made — a  tree 
with  a  trunk  diameter  of  only  5  inches,  enlarged  just  below  the  sur- 
face of  the  ground  into  a  burl  12  inches  in  diameter  and  14  inches 
in  depth,  from  which  radiated  12  roots  from  a  half  inch  to  2  inches 
in  diameter.  Some  of  these  roots  had  a  length  of  12  to  14  feet.  So 
numerous  were  the  branches  and  small  feeding  rootlets  originating 
from  these  roots  that  the  soil  from  a  depth  of  2  or  3  inches  to  more 
than  a  foot  was  filled  with  them. 

The  description  of  "Olive  root  systems''  in  this  bulletin  will  afford 
details  applicable  to  all  of  these  plantations. 

At  the  remote  areas  penetrated  by  branches  from  the  large  roots 
the  ground  was  contested  by  feeding  roots  from  the  adjacent  trees, 
so  that  it  was  hardly  possible  to  turn  up  a  shovelful  of  earth  in  the 
orchard  without  finding  evidence  of  this  reaching  out  for  moisture. 
Yet  there  was  no  taproot  and  no  penetrating  to  great  depths  for 
water,  as  is  so  characteristic  of  the  mesquite,  which  had  been  the 
natural  occupant  of  this  land.  It  was  a  most  complete  and  perfect 
system  for  appropriating  the  moisture  in  the  first  15  or  18  inches  of 
the  soil,  just  that  which  would  be  penetrated  by  the  normal  rainfall. 
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The  soil,  greatly  deficient  in  humus,  contains  clay  enough  to  make 
it  very  hard  when  dry,  and  the  tramping  of  grazing  stock  still  further 
compacted  the  surface,  preventing  the  ready  absorbing  of  water 
when  a  rainfall  came.  Application  of  the  now  well-known  principles 
of  thorough  cultivation  and  light  furrowing  across  the  slope  to  secure 
water  storage  and  the  retarding  of  evaporation  by  a  dust  mulch 
would  have  aided  these  trees  greatly  in  utilizing  the  rain  which  fell. 

DBY-LAND   OLIVE   GBOVE  NEAR   FLORENCE,    ARIZ. 

Not  far  from  the  Casa  Grande  and  Florence  road,  in  the  valley  of 
the  Gila  River  and  about  5  miles  southwest  of  Florence  (see  map, 
fig.  1),  a  ranch  was  developed  and  a  plantation  of  olives  and  other 
fruits  was  made,  probably  at  about  the  same  time  as  that  at  Casa 
Grande.  An  area  of  about  8  acres  was  set  in  olives,  the  trees  being 
arranged  in  squares  20  feet  apart  each  way.  This  tract  has  been 
kept  securely  fenced,  so  that  no  damage  from  live  stock  has  occurred. 
From  the  scant  information  that  can  be  gathered  these  trees  have 
received  no  irrigation  for  six  years. 

The  soil  is  a  much  stiffer  clay  than  that  at  Casa  Grande.     A  well 
near  the  orchard,  now  caved  in,  shows  no  water  for  a  depth  of  more 
than  40  feet.     An  inspection  of  this  grove  shows  that  while  possibly 
6  per  cent  of  the  original  setting  of  trees  failed  to  grow,  but  a  very 
few  died  later.    The  average  height  of  these  trees  is  about  20  feet. 
A  majority  of  them  grow  in  the  form  of  stools,  sending  out  several 
minor  stems  from  near  the  ground.    Some  single  trunks  from  8  to 
12  inches  in  diameter  were  noted.    The  formation  of  a  much  en- 
larged burl  at  the  surface  of  the  ground  was  a  very  common  feature. 
A  most  significant  fact  was  that  the  trees  around  the  borders  of 
the  grove  were  much  larger  and  of  more  vigorous  and  healthy  growth 
than  those  where  there  was  a  perfect  stand  in  the  interior.     While 
few  of  the  interior  trees  are  dying,  the  scantier  and  less  healthy  foliage 
and  more  slender  growth  of  the  branches  all  testify  to  the  severity 
of  the  struggle  for  moisture  which  is  taking  place.     (See  PI.  II,  fig.  2.) 
No  systematic  study  of  the  root  development  was  made,  but  a 
number  of  holes  dug  in  various  parts  of  the  grove  showed  that,  as  in 
the  Casa  Grande  grove,  the  extent  of  roots  was  such  as  to  occupy 
the  entire  area,  fine  rootlets  being  disclosed  wherever  the  soil  was 
turned.    Even  where  missing  trees  gave  a  diagonal  distance  of  more 
than  45  feet  between  those  standing,  the  roots  had  extended  so  as  to 
occupy  this  space. 

A  most  si^iificant  fact  concerning  this  planting  is  shown  in  Plate 
II,  from  photographs  taken  in  March,  1909.  A  block  of  about  3 
acres  of  apricots  and  almonds  planted  by  the  side  of  the  olives  is 
shown  in  Plate  II,  figure  1,  on  the  left.     The  trees  had  made  an 
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excellent  growth,  but  with  the  failure  of  the  water  every  one  of  them 
has  died.  On  the  right  are  seen  the  olive  trees  still  making  a  good 
growth.  A  few  pomegranate  bushes  and  pepper  trees  planted  in  the 
dooryard  adjacent  to  the  olives,  while  nearly  all  living,  have  appar- 
ently suffered  more  seriously  from  drought  than  the  olives. 

DEY-LAND   OLIVE   TREES   NEAR   PHOENIX,  ARIZ.* 

A  few  miles  northeast  of  Phoenix,  Ariz.,  a  tract  of  land  was  laid  off 
into  a  sort  of  residence  park  under  the  name  of  ''Las  Palmas."* 
Numerous  avenues  and  drives  were  planted  with  Canary  Island 
palms,  pepper  trees,  and  other  ornamentals,  and  at  the  same  time  a 
considerable  number  of  olive  trees  was  set  out,  a  row  along  the  south 
side  of  the  southeast  quarter  being  half  a  mile  long.  Owing  to  diffi- 
culties about  the  water  supply,  cultivation  and  care  ceased  over  all 
but  a  small  part  of  the  tract,  so  that  for  the  past  six  years  no  irriga- 
tion has  been  given  the  olives  and  peppers  on  the  south  side  of  the 
section  and  only  a  small  amount  to  some  of  the  palms. 

The  soil  here,  though  graveUy,  is  much  richer  in  clay  and  fine  silt 
than  that  of  the  Casa  Grande  tract.  This  portion  of  section  22  has 
for  several  years  been  heavily  pastured  by  horses,  cattle,  and  sheep, 
the  trampling  of  this  stock  being  sufficient  to  render  the  ground 
around  the  row  of  olives  smooth  and  compact,  so  that  much  of  the 
rainfall  would  be  turned  off  instead  of  being  caught  and  allowed  to 
percolate  to  the  roots.  A  much  better  supply  of  forage  seems  to  have 
prevented  the  stock  in  this  pasture  from  browsing  the  olives  as 
severely  as  was  done  at  Casa  Grande,  though  apparently  sheep  have 
fed  off  the  leaves  and  small  twigs  to  a  height  of  about  4  feet. 

We  find  this  to  be  a  case  of  growth  under  decidedly  adverse  condi- 
tions, though  not  the  most  extreme.  The  row  of  olive  trees  along  the 
south  side  of  the  section  is  uneven  in  growth,  but  many  are  12  to 
15  feet  high,  with  trunks  from  5  to  7  inches  in  diameter.  Here, 
as  in  other  droughty  situations,  the  olive  has  a  strong  tendency  to 
put  out  sprouts  from  near  the  base,  thus  protecting  the  trunk  from 
the  heat  of  the  sun.  This  universal  habit  of  olive  trees  in  dry  locali- 
ties, even  those  that  have  been  headed  high  enough  to  expose  the 
trunk,  points  clearly  to  the  desirability  of  a  method  of  pruning  which 
will  provide  a  low,  spreading  head,  thoroughly  protecting  the  trunk 
and  main  branches. 

That  several  of  the  trees  in  this  south  row  should  have  fruited  in 
1907  in  the  face  of  such  privation  and  neglect,  though  producing  only 
a  light  crop,  is  strong  evidence  of  the  hardiness  and  drought  resistance 
of  the  olive. 


^  See  map,  figure  1.      f>  Compriging  section  22,  in  townakip  2  north,  range  3  east. 
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In  the  northern  portion  of  the  ranch  olive  trees  which  had  received 
a  little  irrigation  and  less  trampling  and  hardening  of  the  ground 
produced  fair  crops  of  fruit,  thus  demonstrating  that  a  small  diiTer*- 
eaaoe  in  conditions  may  be  sufficient  to  decide  between  a  mere  holding 
on  to  life  and  a  fair  commercial  success.  The  climatic  conditions 
indicated  in  Table  I  for  Phoenix  will  be  a  close  approximation  to 
those  prevailing  at  this  place.  Plate  I,  figure  2^  shows  a  character- 
istic tree  of  the  south  row  in  fruit. 

THE  POPE   OLIVE   PLANTATIOM[,  NEAR  PALM   SPRINGS,  CAL. 

DESCRIPTION. 

In  traveling  over  the  Southern  Pacific  Railway  from  Los  Angeles 
to  the  east,  one  leaves  the  orange  groves  of  Col  ton  and  Redlands  to 
ascend  into  a  cooler  region,  an  altitude  of  nearly  3,000  feet  being 
reached  in  the  San  Gorgonio  Pass.  Here,  around  Beaumont  and 
Banning,  are  flourishing  orchards  of  prunes,  peaches,  and  apricots, 
watered  from  the  perpetual  snows  of  the  San  Bernardino  Range,  and 
extensive  barley  fields  moistened  by  the  winter  rains.  A  descent  of 
2,000  feet  in  30  miles  to  Palm  Springs  station  then  brings  one  seem- 
ingly into  another  country.  A  sparse  growth  of  desert  shrubs  and 
herbs  in  torrent-washed  gravel  and  among  bowlders  replaces  the 
orchards  and  harvest  fields,  and  instead  of  the  refreshing  breezes 
from  the  snow-capped  peaks  there  is  much  of  the  time  a  sand-laden 
gale  blowing  so  steadily  down  the  valley  that  all  the  desert  shrubs  lie 
prostrate  and  the  drift  of  sand  to  the  leeward  of  each  makes  it  seem 
to  be  marking  a  nameless  grave.  Just  ahead  lies  a  low  range  of  hills, 
their  original  rock  formation  barely  suggested  beneath  the  mantle  of 
sand  that  centuries  of  winds  have  heaped  upon  them.  No  landscape 
could  be  in  more  striking  contrast  with  that  left  behind  at  Colton  and 
Beaumont. 

Taking  the  trail  to  the  southward  from  Palm  Springs  station  for  a 
few  miles  carries  one  out  of  the  sweep  of  the  winds  to  a  sheltered  sec- 
tion containing  the  picturesque  little  village  of  Palm  Springs  at  the 
site  of  the  old  Agua  Caliente.  (See  map,  fig.  1.)  The  Mission 
Indian  village  lies  on  the  east  side  of  ''Indian  avenue"  and  a  little 
group  of  homes  of  the  white  settlers  on  the  west,  all  nestling  under 
the  shelter  of  the  towering  San  Jacinto  Mountain,  whose  two  peaks, 
San  Jacinto  and  Cornell,  are  among  the  highest  in  southern  Cali- 
fornia. From  a  jagged  rent  in  the  eastern  base  of  the  mountain 
issues  an  ice-cold  stream  of  water,  a  brawling  torrent  when  the 
mountain  showers  are  heavy  or  the  snows  are  melting  rapidly,  but 
sinking  to  a  tiny  rivulet  at  the  end  of  the  long  desert  summer,  barely 
sustaining  life  in  the  little  oasis  dependent  upon  it.     In  fact,  during 
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a  series  of  extremely  dry  years  it  has  happened  that  the  flow  of  9  or 
10  miner's  inches,  or  about  120  gallons,  per  minute  from  the  hot 
spring  pool  has  been  all  there  was  to  sustain  plant  or  animal  life  for 
months  at  a  time. 

A  little  way  out  on  the  desert  one  notices  rows  of  pepper  trees 
(ScJiinus  moUe),  their  rich,  dark  green  in  sharp  contrast  with  the 
desert  herbs  and  shrubs,  while  a  nearer  approach  shows,  perhaps,  a 
half-dismantled  house  and  a  broken  fence  inclosing  a  small  field. 
Gaunt  rows  of  cottonwood  trees,  a  few  still  keeping  up  the  struggle, 
the  greater  part  standing  stiff  and  white,  seem  ghostlike  sentinels 
keeping  watch  along  the  line  of  a  ditch  that  has  long  since  ceased  to 
convey  the  life-giving  water.  Acres  of  grapevine  stumps,  blocks  of 
dead  apricot  trees,  skeleton  branches  of  bleaching  fig  trees,  a  few 
green  sprouts  struggling  from  their  bases — all  give  eloquent  testimony 
to  the  energy  and  capital  invested  in  the  Palmdale  settlement  in  1889, 
when  the  granite-lined  canal  brought  a  supply  of  water  from  the 
Whitewater  River  across  7  miles  of  blowing  sand  to  irrigate  this 
sheltered  spot  at  the  foot  of  tlie  San  Jacinto  Range.* 

In  striking  contrast  to  the  impression  of  desolation  offered  by  the 
majority  of  these  abandoned  fields  is  that  of  a  tract  lying  a  mile 
northeast  of  Palm  Springs,  Cal.,'^  where,  if  one  ascends  to  a  little 
elevation  above  the  plain,  the  check  rows  in  dark,  rich  green  of  an 
olive  plantation  of  26  acres  shows  in  striking  contrast  to  the  brownish 
green  of  the  creosote  bush  (Covillea  tridenta),  which  forms  the  natural 
growth.  Here  in  1891  was  set  an  olive  grove  of  approximately  3,000 
trees,  together  with  some  6  or  7  acres  of  figs.     (See  PI.  Ill,  fig.  1.) 

CLIMATE  OF  PALM   SPRINQS. 

Palm  Springs  has  the  typical  desert  climate,  modified  somewhat 
by  its  proximity  to  the  San  Jacinto  Range,  which  cuts  off  the  fierce 
sweep  of  the  winds  which  come  down  through  the  San  Gorgonio  Pass 
and  spread  out  over  the  country  above  the  Salton  Sea.  The  summer's 
heat  is  intense  and  prolonged,  maximum  temperatures  of  100®  F.  and 
over  being  reached  every  month  from  May  to  September,  inclusive, 
and  occasionally  even  in  April  ami  October.  The  absolute  yearly 
maximum  for  the  ten  years  from  1897  to  1906,  inclusive,  ranges  from 
113°  to  122''  F.,  only  1904  failing  to  reach  116°  F.  The  lowest  recorded 
winter  temperature  is  28°,  but  more  often  32°  F.  is  the  record,  and 
sometimes  winters  pass  with  scarcely  a  trace  of  frost.  Although 
within  12  miles  of  the  snow-capped  San  Jacinto  peaks,  the  mean 

a  Since  the  studies  herein  described  were  made,  much  of  the  canal  stock  and  a  con- 
sidemble  acreage  of  land  have  been  acquired  by  persons  who  have  repaired  the  canal 
and  begun  again  the  appropriation  of  water  from  the  Whitewater  River. 

h  A  portion  of  section  11,  in  township  4  youth,  range  4  east. 

192 


EXAMPLEfi  OF   DBOUQHT  RESISTANCE. 


19 


aniuial  precipitation  ia  a  scant  3i  inches,  with  a  total  of  only  0.70 
inch  for  1903  and  a  maximum  of  9.36  inches  for  1905.   (See  Table  III.) 

Scant  as  this  rainfall  is  it  nearly  all  occurs  in  the  six  months 
from  October  to  March,  inclusive.  During  the  six  summer  months 
when  a  temperature  of  100°  F.  is  reached  almost  daily  there  is 

scarcely  a  trace  of  rain,     (See  

fig.  4.)  That  any  vegetation 
should  be  able  to  pass  through 
this  terrible  period  of  heat  and 
drought  seems  beyond  belief  to 
one  accustomed  to  the  behavior 
of  plant  growths  of  the  regions 
having  abundant  rainfall;  yet 
many  species  of  sbrubs  and 
three  species  of  trees  are  native 
in  these  hot  sands. 

That  the  olive,  whose  beauti- 
ful groves  are  typical  of  the  most 

favored  portions  of  France  and  Italy,  should  be  able  to  survive  and 
even  successfully  compete  with  these  desert  shrubs  in  their  own 
habitat,  when  planted  among  them  and  then  abandoned,  gives  us  a 
new  inaght  into  the  real  character  of  this  tree  that  makes  it  worthy 
of  careful  study. 

TuLB  III. — Maximum  and  minimum  tfmptraturti  and  precipitation  at  Palm  SpringM 
tlaliim,/ovr  miUi  north  of  the  Pope  oHre  plantation,  California,  rUialiim  ,'>S4  feet, for 
&tftar$I897  to  1907,  tncjimic 
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Table  III. — Maximum  and  minimum  temperatures  and  precipitation  at  Palm  Springi 

station  —Continued . 

PRECIPITATION  (INCHES). 


Ymt. 

Jan. 

1807 

0 

1806 

1809 

1.21 

1900 

.80 

1901 

T. 

1902 

.fiO 

1903 

0 

1904 

T. 

1905 

2.16 

1906 

.46 

1907 

1.27 

Feb. 


0 
0 

0.12 
0 

3.50 

0 

0 

T. 

3.05 


.47 


Mar. 


0 

0.60 

0 

0 

0 

.50 

.70 


1.66 
3.05 
1.27 


Apr. 


0 

0 

0 

0 

0 

0.50 

0 

0 

T. 

.20 

.15 


May. 


0 
T. 
0 
0 
0 
0 
0 
0 
0.48 
0 
0 


Jime. 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


July. 


0 
0 
0 
T. 
0 
0 
0 
0 
0 
0 
0 


Aug. 


0 
0 

0.62 
0 
0 
0 
0 

1.00 

0 

.10 


Sept. 


0 
0 
T. 
0 
0 
0 
0 
0 
0 
0.05 
0 


Oct. 


0 
0 
0 

1.29 
0 
0 
0 
.10 
0 
0 

1.64 


Nov. 


0 
0 

aso 

T. 

0 
.70 

0 

T. 

1.11 

.70 

0 


1.00 

.70 

2.g6 

0 

0 

.70 

0 

0 

0 

.56 

T. 


1.00 


fi.Sl 
200 
3.50 
2.90 
.70 


9.36 


T.- trace. 
SOIL  AT  PALM  SPRINGS. 

The  soil  of  the  olive  orchard  is  typical  of  this  district.  The  rock 
formation  is  coarse  sandstone  and  granite.  The  southern  face  of  the 
mountains  is  broken  by  canyons  of  various  widths  and  depths,  origi- 
nating as  rents  and  fissures  in  the  uplifted  rock,  but  enlarged  by  the 
erosion  of  the  mountain  torrents,  which  were  apparently  during 
glacial  times  of  vastly  greater  volume  than  at  present.  The  result 
has  been  an  enormous  talus  of  water-worn  bowlders  from  each  of  the 
main  canyons  extending  out  into  the  basin  to  an  unknown  distance 
and  depth  and  spreading  laterally  along  the  mountain  base.  Over 
this  is  a  varying  depth  of  coarse  sandy  and  gravelly  soil,  in  places 
mixed  with  a  considerable  quantity  of  finer  material  from  the  sorting 
action  of  wind  and  water.  Several  square  miles  in  the  Palm  Springs 
and  Palmdale  region  have  thus  a  fair  quality  of  sandy  soil,  which  is 
lacking  in  sufficient  clay  or  fine  binding  material  and  because  of  the 
scanty  rainfall  and  sparse  vegetation  is  low  in  organic  matter.  Judg- 
ing from  the  quantity  of  feldspar  in  the  original  granitic  rock,  there 
is  doubtless  a  good  deal  of  available  potash  in  this  soil. 

On  the  particular  40  acres  in  the  olive  orchard  there  is  rather  less 
of  the  finer  material  in  the  soil  than  in  that  of  the  Indian  reservation 
lands  adjoining  on  the  south.  Layers  of  coaise  gravel  and  cobble- 
stones are  often  encountered  at  depths  of  3  to  4  feet.  The  longest 
winter  rains  sink  so  quickly  into  the  soil  that  therfe  is  no  trace  of 
stickiness  or  mud  on  the  following  day. 

Table  IV. — Mechanical  analyses  of  soils  from  olive  orchards  at  Casa  Grande,  Ariz.y 
and  Palm  Springs y  CaL,  made  by  the  Bureau  of  Soils,  U.  S.  Department  of  Agricul- 
ture, from  samples  collected  by  Mr.  S.  t!.  Mason. 


Locality. 


Casa  Grande,  Arts. 

Do 

Do 

Palm  Springs,  Cal. 

Do 

Do 
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Table  V. — Analyses  for  potash,  phosphoric  oddf  calcium^  and  organic  mailer  in  soils 
from  olive  orchards  al  Casa  Grande,  Ariz,,  and  Palm  Springs,  Cal.,  made  by  the  Bureau 
qf  Soils,  U.  S.  Department  (^  Agriculture,  from  samples  collected  by  Mr,  8.  C.  Mason. 


• 

Locality. 

Depth 
taken. 

OaO. 

E«0. 

PiO,. 

OigBDle 
matter. 

Caaa  Gr&nde.  Arl« 

Inches. 
Oto  6 
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Do 
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Do 

.17 

Figure  5  shows  in  a  graphic  manner  the  results  of  a  mechanical 
analysis  of  this  soil  by  the  Bureau  of  Soils,  as  presented  in  Table  IV. 
This  is  placed  for  comparison  below  a  diagram  showing  the  results 
of  a  similar  analysis  of  the  soil  from  the  Casa  Grande  olive  grove  and 
one  from  the  olive  orchards  of  Sfax.^  The  small  quantity  of  clay 
and  silt  and  the  large  proportion  of  medium  and  fine  sand  distinguish 

o  See  "Dry-land  Olive  Culture  in  Northern  Africa,"  by  Thomas  H.  Kearney,  Bulle- 
tin 125,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  1908,  pp.  18-11),  as 
follows: 

Mechanical  analyses  of  soil  samples  from,  the  olive  orchards  of  8 fax. 
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o  Adhering  to  oUve  truncheons,  probably  about  12  inches. 

Chemical  analyses  of  a  large  number  of  samples  of  the  S&lx  olive  soils  by  the  chemist 
of  the  Tunisian  government  show  them  to  be  very  rich  in  lime  (calcium  carbonate), 
of  which  there  is  an  average  of  from  5  to  10  per  cent.  The  potash  content  is  also  good, 
the  average  being  0.1  to  0.2  per  cent.  On  the  other  hand,  they  are  rather  poor  in 
nitrogen  (0.03  to  0.05  per  cent)  and  in  phosphoric  acid  (0.04  to  0.05  per  cent).  Accord- 
ing to  Trabut,  a  high  lime  content  is  a  very  favorable  factor  in  growing  olives  for  oil 
production,  as  olives  produced  in  limestone  regions  are  richer  in  oil  and  the  oil  is  of 
better  quality  then  where  the  soils  are  deficient  in  this  component.  It  should  be 
noted  that  while  the  nitrogen  and  phosphoric  acid  content  of  the  Sfax  soils  would  be 
considered  low  for  most  crops,  the  high  yields  and  good  quality  of  the  oil  produced  at 
Sfax  are  sufficient  evidence  that  the  supply  of  these  two  elements  of  plant  food  must 
be  amply  sufficient  for  the  requirements  of  the  olive.  This  can  perhaps  be  explained 
by  the  fact  that  the  roots  of  this  tree  occupy  so  great  an  area  of  soil  (one-seventh  to 
one- tenth  acre)  that,  while  the  percentage  of  these  elements  to  weight  of  soil  is  every- 
where low,  the  total  amount  available  to  the  roots  is  actually  rather  high. 
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this  Pftlm  Springs  soil  in  a  very  marked  way  from  that  of  the  Casa 
Grande.  Both  are  in  striking  contrast  with  samples  from  the  dry- 
land olive  district  of  Sfax,  in  northern  Africa,  described  in  Mr. 
Kearney's  bulletin  previously  referred  to.  The  much  higher  per- 
centage of  clay  in  the  Sfax  samples  gives  a  very  distinct  character  to 
that  soil,  which  as  it  exists  in  nature  impresses  one  as  sandy,  owing 
doubtless  to  the  clay  and  silt  particles  being  cemented  together. 

In  chemical  composition  these  soils  (Table  V^)  show  a  striking 
similaiity  in  the  lime  content,  having  only  one-eighth  to  one-fourth 
as  much  of  that  element  as  is  found  at  Sfax. 

In  the  amount  of  potash  the  Casa  Grande  and  Palm  Springs  sam- 
ples are  also  very  much  alike,  being  five  to  ten  times  richer  than  the 
Sfax  samples.  In  the  amount  of  phosphoric  acid  it  is  interesting  to 
note  that  the  Palm  Springs  soil,  though  seemingly  a  desert  sand, 
contains  more  than  twice  as  much  of  this  important  element  as  is 
found  in  the  Casa  Grande  samples.  In  the  potash  and  phosphoric 
add  contents  either  of  these  samples  compares  favorably  with  aver- 
age agricultural  soils;  for  instance,  with  the  soils  of  the  famous  Michi- 
gan peach  belt,  ^  while  in  phosphoric  acid  the  Palm  Springs  samples, 
averaging  0.436  per  cent  for  the  entire  18  inches  in  depth,  are  ahead 
of  aU  but  the  very  richest  farm  lands  of  the  eastern  United  States. 
This  richness  of  desert  soils  in  phosphoric  acid  and  potash  is  espe- 
dally  advantageous  to  olive  culture,  as  investigations  by  the  Cali- 
fornia Agricultural  Experiment  Station  have  shown  that  the  olive 
makes  much  higher  demands  upon  the  soil  for  these  elements  than 
do  grapes,  plums,  apricots,  or  oranges.^ 

HISTORY  OF  THE   GROYE. 

As  nearly  as  can  be  gathered  the  greater  part  of  the  Pope  olive 
orchard  was  set  in  1890  and  1891.  There  was  at  that  time  an  ade- 
quate supply  of  water  available  from  the  Whitewater  ditch,  which 
was  conveyed  to  each  block  of  land  by  box  conduits.  Along  these 
conduits  and  across  the  north  side  of  the  blocks  rows  of  cottonwood 
trees  were  set  20  feet  apart.  Their  influence  on  the  olive  plantation 
will  be  referred  to  later. 

The  olive  trees  were  planted  21  feet  apart  on  the  hexagonal  system, 
giving  116  trees  \o  the  acre.  For  the  first  seven  or  eight  years  there 
was  a  fair  supply  of  water.  No  Bermuda  grass  or  otlier  serious  weed 
gained  a  foothold  and  the  work  of  irrigating  the  trees  was  tlie  chief 

<»Prom  analyses  by  Mr.  Joseph  G.  Smith,  of  the  Bureau  of  Soils,  II.  S.  Dept.  of 
Agriculture. 

*See  Roberts,  I.  P.,  "The  Fertility  of  the  Land." 

^Report  of  the  Director  of  the  California  Agricultural  Experiment  Station,  1894-95, 
p.  124. 
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labor.  It  can  not  be  learned  that  during  that  time  any  fruit  was 
produced.  A  resident  of  Palm  Springs  who  came  there  in  1896 
recalls  that  they  were  "expecting  the  trees  to  come  into  bearing 
the  next  year."  About  this  time  difficulties  with  the  water  supply 
began,  and  as  nearly  as  can  be  ascertained  no  irrigation  at  aU  lias 
been  given  the  orchard  since  1900. 

PRESENT  CONDITION  OF  THE  GROVE. 

The  first  fact  with  which  one  is  impressed  on  seeing  this  plantation 
is  the  small  size  of  the  trees  considering  their  age.  Some  trees  are 
scarcely  4  feet  high,  and  very  few  more  than  7  or  8  feet.  Taking 
two  average  rows,  the  range  in  height  was  found  to  be  from  41  inches 
to  98  inches,  the  average  for  50  trees  being  63.5  inches.  The  high- 
est tree  in  the  20-acre  block  was  found  to  be  9  feet,  while  only  10 
trees  could  be  found  measuring  8  feet  and  upward.  (See  PL  TTT, 
fig.  2.) 

It  is  to  be  noticed  that  on  these  trees  tlie  branches  are  retained 
clear  to  the  ground  and  that  the  breadth  of  the  top  exceeds  the 
height  in  almost  every  case,  so  that  in  the  50  trees  examined  only  one 
was  found  in  whiclx  the  height  was  greater  than  the  breadth  of  top. 
The  average  breadth  for  the  two  rows  is  79.5  inches  as  against  63.5 
inches  of  height.  These  tops,  too,  are  much  branched  and  very 
compact.  In  nearly  every  case  the  trunk  is  concealed.  A  leafy 
canopy  protects  the  trunk  and  main  branches  from  the  dry  air  and 
fierce  heat  of  the  desert  sun. 

In  doing  battle  for  their  lives  in  the  desert  they  have  shown  their 
ability  to  adapt  themselves  to  desert  methods  of  defense.  The  naes- 
quite  and  paloverde,*  the  largest  native  trees,  may  attain  a  spread 
of  top  of  40  or  60  feet  with  a  height  of  only  20  or  30  feet.  The 
desert  willow  (Chilopsis)  and  the  Dalea  spinosa,  two  species  somewhat 
less  resistant  to  drought  and  heat,  attain  a  treelike  size  by  throwing 
out  a  defense  of  sprouts  and  low  branches,  or,  failing  in  this,  they  are 
apt  to  show  scars  of  severe  sun  scalding. 

The  so-called  "wild  apricot"  (Pr^uni^/r^mon^ii),  venturing  out  a 
little  way  along  the  bowlder  talus  from  the  canyon's  mouth,  has  a 
top  so  densely  branched,  angled,  and  interlocked  as  to  well  merit  the 
name  Emplectocladus,  signif^^ing  interlocked  branches,  which  now 
applies  to  the  whole  subgenus  to  which  it  belongs. 

Similar  proportions  of  height  to  spread  of  top  will  be  found  in 
nearly  all  of  the  characteristic  desert  shrubs,  the  effort  seeming  to  be 
to  throw  as  much  shade  and  insulation  as  possible  around  the  trunk 
and  main  branches. 


a  Cercidium  torreyanum  (Wats.)  Sargent. 
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This  purpose  is  accomplished  most  effectively  and  in  the  most 
characteristic  way  of  all  by  that  typical  desert  tree,  the  majestic 
palm  ( WashingtaniaJUifera),  whose  dying  lower  leaves  suspended  by 
their  long  petioles  form  a  dense  thatch,  completely  insulating  the 
tall,  columnar,  branchless  trunk  against  both  the  direct  and  reflected 
heat  of  the  sun  and  the  drying  winds.  Where  some  vandal  hand 
does  not  apply  a  torch,  this  splendid  protection  is  retained  for  many 
years,  perhaps  for  life. 

It  is  probable  that  in  the  case  of  the  olive,  as  well  as  of  many  native 
desert  plants,  this  low,  spreading  canopy  of  top  serves  another  purpose. 
Of  the  total  precipitation  for  the  year  in  these  regions  a  considerable 
proportion  is  in  the  form  of  small  showers,  so  that  the  monthly  record 
will  often  be  indicated  by  such  fractions  of  an  inch  as  0.12,  0.09,  0.32, 
0.06,  trace,  etc.,  these  usually  representing  a  single  precipitation. 
Such  an  amount  falling  upon  the  parched  soil  in  the  open  is  so  soon 
evaporated  as  to  afford  little  aid  to  the  thirsty  plant.  Arrested  by 
the  leaves  or  fine  branches  and  carried  to  the  groimd  at  the  base  of 
the  stem,  it  is  so  shaded  and  conserved  as  to  be  allowed  to  sink  into 
the  surface  soil,  where  a  system  of  short,  finely  branched  superficial 
roots  is  ready  to  appropriate  it.  In  Plate  IV,  figure  2,  such  rootlets  of 
the  olive  tree  are  shown  in  natural  size. 

Inspection  of  the  whole  26  acres  of  the  plantation  shows  that  sev- 
eral varieties  were  set,  just  what  they  were  being  difficult  to  decide 
with  accuracy,  no  plat  or  planting  list  so  far  having  been  discovered. 
The  block  in  which  the  most  trees  are  alive  and  in  the  best  condition, 
though  not  making  the  largest  growth,  has  the  dense,  compact  habit 
and  broad  top  most  completely  developed,  and  here  any  exposure  of 
trunk  or  main  branches  to  the  sun  is  hard  to  find.  These  trees  are 
noticeable  for  the  complete  absence  of  any  sun  scald  on  the  bark. 

The  northern  seventeen  rows  of  this  block  are  ranker  in  growth  and 
more  coarsely  branched,  and  while  the  leaves  are  larger  the  whole 
canopy  is  much  thinner.  Of  this  variety,  probably  Manzanillo,  a 
quarter  of  the  trees  are  dead  and  others  have  suffered  severe  sun  scald. 
In  other  eases  a  portion  of  the  top  has  died  back,  to  be  followed  by  a 
vigorous  sprouting  from  below.  Of  a  block  of  four  rows  adjacent  to 
this,  not  10  per  cent  of  the  trees  are  alive,  but  these  appear  to  be  of  a 
variety  little  adapted  to  these  conditions. 

The  cottonwoods  alread}'  referred  to,  bounding  the  20-acre  block 
on  the  west  and  north  sides,  are  all  dead,  but  so  also  are  the  olive 
trees  next  to  them.  Of  the  Manzanillo  olives,  the  two  rows  on  the 
north  and  next  to  the  cottonwoods  are  two-thirds  dead,  while  the 
third  row  is  in  bad  condition.  Of  the  trees  on  the  west  ends  of  the 
rows  next  to  the  cottonwoods  in  the  larger  block  not  so  large  a  propor- 
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tion  is  dead,  but  those  alive  are  small  and  in  bad  condition.  Figu 
6  shows  very  distinctly  the  effect  of  the  cottonwood  growth  on  tl 
olives.  The  struggle  has  been  so  intense  for  a  bare  survival  on  ti 
part  of  the  whole  plantation  that  the  competition  with  a  powerf 
feeder  like  the  cottonwood  has  proved  fatal,  though  the  cottoDwocM 
probably  survived  the  olives  but  a  few  years. 

Crossing  the  conduit  to  the  next  20-&cre  block,  only  half  of  whic 
was  set,  are  two  small  blocks  of  olives,  6  acres  in  all,  with  4  acres  • 
figs  between  them.  Here  the  contrast  between  the  green  of  the  oliv< 
on  either  side  and  the  figs,  which  are  dead  save  a  few  strugglii 
sprouts,  illustrates  in  a  most  marked  way  the  comparative  drou^l 
resistance  of  the  two.     Indeed,  of  exotic  trees  on  this  ranch  only  tF 


pepper  trees  bordering  one  field  show  an  ability  to  endure  thesi 
extreme  conditions  equal  to  that  of  the  olive." 

While  trees  of  this  slow  growth  and  evergreen  nature  are  oonse 
quently  slow  in  forming  what  the  foresters  call  dominant  and  sup 
pressed  classes,  a  close  insiM-otion  of  this  grove  shows  such  a  work  U 
be  in  progress,  not  as  is  generally  the  ease  in  a  forest  by  the  procest 
of  dominant  trees  overtopjiing  and  shading  tlie  weaker  ones,  but  b^ 
means  of  dominating  root  systems  hy  wliieh  once  a  tree  has  gainec 

"A  visit  was  made  to  thif  (iknlation  on  April  1^,  190S,  itt  which  lime  about  20  pa 
cent  ot  the  treed  of  the  more  resistant  \-jrii'(y  nf  olives  was  in  bloBBom,  but  at  a  latei 
visit,  June  11,  not  a  nin^^lo  fruit  could  l)e  fmind  to  have  net.  On  the  name  date  twc 
olive  treoH  in  Dr.  M'elUvood  Murray's  irrigaleil  giirden  in  Palm  Springe  village  were 

carrying  fiiir  i-roiw  o(  fruit . 
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ihe  ascendancy  in  water  appropriation  it  will  sooner  or  later  have 
tkree  or  four  adjacent  trees  in  the  suppressed  class.  This  suppression 
of  the  weak  trees  by  the  stronger  rooted  dominant  ones  begins  as  soon 
89  the  roots  meet  in  the  intermediate  territory,  which  has  happened 
in-iaany  instances  in  this  grove  and  seems  to  account  for  the  death  of 
nftmy  of  these  trees  and  the  weak  condition  of  others.  This  affords 
conclusive  proof  that  olive  trees  can  not  be  grown  successfully  21  feet 
apart  under  light  rainfall  without  ample  irrigation,  and,  what  is  more 
significant,  that  when  given  wide  planting  they  are  capable  of  extend- 
ing their  root  systems  and  collecting  their  water  supply  from  a  very 
wide  area. 

OUVB  SOOT  STSTBM8  ADAPTED  TO  UTILIZE  LIMITED  BAINFALL. 

The  remarkable  endurance  of  drought  displayed  by  the  olive  trees 
of  which  an  account  is  given  in  this  paper,  but  especially  by  those  at 
Palm  Springs,  Cal.,  must  be  explained  (1)  by  imusual  ability  to  collect 
moisture  from  a  soil  supply  normally  deficient  and  (2)  by  an  ability 
to  conserve  that  moisture  and  perform  their  physiological  work  on  a 
supply  that  would  prove  totally  insufficient  for  ordinary  trees.  For 
the  first  we  must  look  to  the  roots,  and  as  these  were  imcovered  and 
plotted  it  became  evident  that  the  deeply  penetrating  system  pos- 
sessed by  the  mesquite  for  bringing  up  water  from  a  subterranean 
source  was  not  possessed  by  the  olive,  nor  would  it  have  availed  much, 
as  on  near-by  land  a  well  had  been  simk  to  a  depth  of  80  feet,  disclos- 
ing only  dry  cobblestone  and  gravel.  No  penetrating  taproots  were 
found,  but  usually  each  tree  had  a  deeply-seated  burl  or  swelling  two 
or  three  times  the  diameter  of  the  trunk  above  ground,  from  which 
radiated  evenly  in  all  directions  a  strong  set  of  roots  running  off  nearly 
horizontally.  Plate  IV,  figure  1,  shows  the  trunk,  burl,  and  main 
roots  of  a  tree  which  was  selected  for  study  from  the  most  resistant 
variety  of  the  Pope  plantation. 

This  tree  was  barely  6  feet  in  height,  with  a  top  spread  of  7  feet  and 
a  trunk  diameter  of  3f  inches;  yet  we  find  a  root  system  radiating  to 
10  and  11  feet  in  nearly  all  directions  and  having  a  total  length  of 
loots  of  one-eighth  of  an  inch  in  diameter  and  upward  of  about  185 
feet.  The  length  of  roots  was  at  least  double  that  of  the  twigs  and 
branches  of  similar  diameter,  while  the  area  occupied  by  the  roots  was 
nine  times  that  of  the  spread  of  the  branches. 

Hie  strongly  gnarled  burl  was  a  foot  in  depth,  and  from  this  the  roots 
isue  at  depths  of  2  to  10  inches.  With  but  a  few  exceptions  they 
aD  break  up  into  fine  rootlets  at  depths  of  5  to  8  inches,  the  greatest 
immber  being  at  6  inches.  In  two  cases  small  laterals  penetrate  to 
18  inches  in  depth,  and  there  was  a  curious  case  of  branches  from 
two  separate  roots  going  down  at  the  same  point — possibly  an  old 
burrow  of  some  rodent  affording  a  more  mellow  soil — to  36  and  42 
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inches,  respectively,  beyond  which  point  they  were  not  excavated 
and  were  still  one-eighth  of  an  inch  in  diameter. 

The  block  of  the  Manzanillo  variety  at  the  north  end  of  the  20 
acres  showed  a  different  behavior  from  that  of  the  main  body  of  the 
grove.  The  wood  growth  averaged  much  ranker,  but  the  branches 
were  coarser  and  the  tops  more  open  to  the  sun.  Far  less  adapta- 
bility to  conditions  is  evident.  Dead  trees,  trees  with  dead  tops  but 
with  live  sprouts  from  below,  dead  branches,  and  sun-scalded  spots 
on  exposed  places  are  to  be  seen  on  every  side.  In  this  block  the  tree 
selected  for  study  was  8  feet  high,  with  8  feet  spread  of  top  and  a 
trunk  5  inches  in  diameter.  A  still  stronger  root  system  was  found 
here,  there  being  ten  roots  of  from  three-fourths  of  an  inch  to  H 
inches  in  diameter  springing  from  the  burl  at  the  following  depths 
below  the  surface:  Two  at  2  inches,  one  at  3  inches,  one  at  12  inches, 
three  at  14  inches,  two  at  16  inches,  and  one  at  18  inches.  It  being 
evidently  impossible  to  keep  track  of  all  of  these  at  one  excavation 
the  surface  roots  were  excavated  by  themselves.  These  comprised 
three  strong  roots,  issuing  at  2  and  3  inches  below  the  surface,  and  a 
circle  of  short  fine  roots,  which  the  writer  called  the  shade  roots  from 
the  fact  that  they  occupy  the  space  immediately  beneath  the  spread 
to  the  top. 

Figure  7  shows  these  superficial  roots  represented  in  solid  lines, 
while  the  deeper  roots  are  shown  by  dotted  lines,  but  it  should  be 
noticed  that  a  number  of  the  shallow  roots  figured  came  up  to  join 
this  class  from  roots  of  deep  origin.  These  shallow  roots  taken 
together  may  be  regarded  as  a  very  important  part  of  the  equipment 
of  the  tree.  Their  rootlets  reach  to  quite  near  the  surface,  so  that 
they  are  prepared  to  gather  moisture  from  a  small  rainfall.  The  shade 
roots  appear  to  collect  also  the  water  which  is  arrested  by  the  top 
and  runs  off  to  the  ground  from  the  trunk.  It  must  be  remembered 
that  the  medium  in  which  these  trees  grow  is  so  nearly  pure  sand  as 
scarcely  to  be  called  a  soil.  There  is  a  good  deal  of  fine  material  in  it, 
but  it  does  not  bake  or  pack,  and  cracks  never  occur.  It  is  very  doubt- 
ful whether  any  method  of  soil  culture,  dust  mulch,  or  subsurface 
packing  would  be  of  value  here.  All  that  such  treatment  is  expected 
to  accomplish  is  already  insured  by  the  nature  of  this  soil,  and, 
furthermore,  any  cultivation  would  only  destroy  these  delicate  root- 
lets so  nicely  adapted  to  taking  advantage  of  the  lightest  rainfall. 
Referring  to  the  deeper  roots  in  figure  8,  we  notice  first  the  large  area 
occupied  by  them  as  compared  with  the  spread  of  the  top.  The  roots 
of  this  tree  over  one-eighth  of  an  inch  in  diameter  have  a  total  length, 
including  the  upper  layer,  of  approximately  376  feet.  The  area  of 
the  root  spread,  as  compared  with  the  spread  of  the  top,  would  be  a 
little  more  than  7  to  1, 
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The  depth  of  the  course  followed  by  these  large  roots  of  12  to  18 
inches  is  a  very  marked  feature.     Most  interesting  is  the  deep  pene- 


Sf 


tratioD,  almost  vertically,  of  branches  from  many  of  these  roots  to 
depths  of  2,  3,  4,  and  even  5  feet,  where  they  were  left,  owing  to  the 


difiicult  nature  of  the  digging.     In  most  cases  gravel   and  cobble- 
stones of  considerable  size  were  encountered  at  these  depths,  and  as 
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these  were  all  old;  hard  roots  it  seems  probable  that  they  had  gone 
down  to  these  depths  during  the  years  when  the  orchard  was  still 
irrigated.  The  rootlets  branching  from  these  and  all  the  deeper 
lying  roots  were  much  fewer  than  those  nearer  the  surface. 

A  point  previously  referred  to  of  special  interest  in  this  study  is 
that  of  a  number  of  deep-lying  roots  at  points  several  feet  from  the 
tree  sending  off  branches  which  rise  suddenly  to  the  level  of  4  to  8 
inches,  along  which  levels  they  make  a  growth  of  several  feet,  sending 
off  numerous  branchlets  and  small  feeding  rootlets.  These  ascending 
laterals  were  found  to  show  but  three  or  four  rings  of  annual  growth 
while  the  main  root  (though  it  was  impossible  to  count  the  rings  accu- 
rately) was  several  years  older.  Evidently  the  upper  growth  had  been 
made  since  irrigation  ceased  in  an  effort  to  reach  the  more  favorable 
conditions  for  moisture  and  air  at  the  upper  level.  In  both  trees 
studied,  as  Well  as  in  many  others  where  small  excavations  were  made, 
fine-feeding  rootlets  were  found  in  considerable  numbers  at  2  to  24 
inches  in  depth,  but  the  zone  of  their  greatest  abundance  was  at 
4  to  10  inches.  Plate  IV,  figure  2,  shows  a  section  of  a  long  root 
from  a  depth  of  6  inches,  with  lateral  branches  and  feeding  rootlets, 
from  a  photograph  of  exactly  natural  size. 

MOISTTTBE  ECONOMY  AIDED  BY  THE  STBXTCTXJRE  OF  THE  OLTVE 

LEAF  AND  STEM. 

In  addition  to  the  elaborate  arrangement  of  olive  roots  for  collecting 
the  last  particle  of  moisture  possible  from  a  sandy  desert  soil,  there 
must  still  exist  a  remarkable  economy  in  tissues  and  functions  to 
enable  a  tree  to  survive,  not  to  say  to  make  growth,  under  such  con- 
ditions. 

It  is  to  the  leaves  that  we  must  look  chiefly  for  this  work.  Their 
narrow  form,  reflexed  margins,  thickness,  and  tough  leathery  texture, 
as  well  as  the  densely  hairy,  almost  felted  under  surface,  all  indicate 
that  they  are  prepared  to  resist  to  the  extreme  the  drying  influence 
of  the  desert  air.  The  minute  anatomv  of  the  leaf  and  stem  of  the 
olive  has  received  considerable  attention  from  botanists,  but  ap- 
parently no  attempt  has  hitherto  been  made  to  ascertain  to  what 
extent  different  environments  affect  modifications  of  structure.  That 
some  light  might  be  had  on  this  most  interesting  point,  material  was 
procured  by  the  writer  of  this  bulletin  from  olive  groves  of  California 
and  Arizona,  the  samples  being  obtained  from  such  widely  diverse 
environments  as  the  moist,  fog-laden  air  and  ample  irrigation  of 
Niles,  near  the  San  Francisco  Bay,  and  the  extreme  of  desert  dryness 
and  heat  of  Palm  Springs,  Cal.  These  were  placed  in  the  hands  of 
Dr.  Theodore  Holm,  whose  study  of  them,  illustrated  in  Plate  V, 
figures  1  and  2,  and  five  text  cuts,  is  given  in  the  Appendix  to  this 
bulletin. 
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STTCCBSSFITL  DBT-LAUD  OLITE  CXTLTUBB  IN  CAUPO&NIA. 

In  contrast  with  the  mere  endurance  t«st  of  which  the  preceding 
examples  ore  very  instructive  ilhistrations,  there  is  in  the  so-called 
"inside"  region  of  southern  California,  between  the  ocean  and  the 
mountftins,  an  oUve  industry  based  on  the  local  rainfall  on  lands  above 
canal  lines  or  lacking  a  sufficient  water  supply.  Excellent  examples 
of  this  tj-pe  of  olive  culture  may  be  found  in  the  neighborhood  of 
Beaumont,  Riverside  County;  La  Mirada,  Orange  County;  Chats- 
worth  and  San  Fernando,  Los  Angeles  County;  in  Santa  Barbara 
County;  and  also  in  the  more  northerly  part  of  the  State  nearOrovillo. 


Fu.  S. — Dkcnm  sbowlDg  tbe  umuil  ninbll  at  Loa  AngviM,  ra].,  u  |X-»rnial  In  Table  Vt. 

While  varying  considerably  in  their  climatic  ronditions  they  all 
igree  in  these  general  features:  A  minimum  temperature  never  below 
20°  and  seldom  lower  than  28"  or  30"  F. ;  a  maximum  summer  temper- 
ature of  105°  in  cooler  seasons  to  114°  F.  in  extremely  hot  years, 
but  with  a  monthly  mean  temperature  not  below  48°  in  winter  and 
seldom  exceeding  80°  F.  in  summer.  From  a  study  of  Table  VI, 
represented  graphically  in  figure  9,  we  may  see  that  the  annual 
rainfall  at  Los  Angeles  has  exceeded  12  inches  during  more  than  lialf 
of  the  years  recorded,  occasionally  rising  to  22  or  23  inches,  or  even 
higher,  and  only  in  rare  years  of  drought  falling  as  low  as  7^  inches, 
with  the  minimum  of  4.83  inches  during  the  thirty  years  recorded. 
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Table  VI. —Annual  rain/all 

'  at  Los  Angeles^  Cal.y 

1S78  to  1907,  indusivi 

;.« 

Year. 

Inches. 

Year. 

1 

Indies. 

1878 

20.86 
17.41 
18.65 
5.53 
10.74 
14.14 
40.29 
10.53 
16.72 
16.02 
20.82 
33.26 
12.60 
12.84 

1803 

21.06 

1879 

1894 

7.51 

Ig80 

1806 

12.55 

1881 

1896 

11.80 

1882 

1807 

14.28 

1883 

1808 

4.83 

1884 

1890 

__.-a- ._ -__ 

&G0 

1885 

1900 

11.30 

1886 

1901 

11.96 

1887 

1902 

13.12 

1888 

1903 

14.77 

1889.. 

, 

1904 

11.88 

1893 

19(B 

19.19 

1891.. 

1906 

21.31 

1892 

18.72 

,  1907 --- - 

15.30 

1  *■""  - 

o  For  the  data  used  on  the  itimatc  of  California,  the  writer  is  Indebted  to  Mr.  A.  B.  AVallaber,  of  the 
riimate  and  Crop  Service  of  the  United  States  Weather  Bureau  at  Los  .\ngeles,  Cai. 

Table  VII. — Mean  relative  humidity  at  Los  Angeles,  Cal.^ 


Month. 


January. . 
February, 
March . . . 
April.... 

May 

June 

July 


5  a.  m. 

1 
5  p.  m. 

67 

64 

73 

f3 

SO 

65 

82 

(3 

87 

(5 

87 

Gl    , 

93 

12 

Month. 


5  a.  m.      5  p.  m. 


August 

September... 

October 

November 

December 

Year... 


87 

63 

82 

63 

78 

66 

64 

65 

61 

64 

78 


64 


a  For  the  data  used  on  the  climate  of  California,  the  writer  is  Indebted  to  Mr.  .\.  B.  Wallaber,  of  the 
Climate  and  Crop  Service  of  the  United  States  Weather  Bureau  at  Los  Angeles,  Cal. 

The  rainfall  of  this  region  is  enhanced  by  frequent  coast  fogs.  The 
mean  relative  humidity  from  month  to  month  is  an  important  factor 
in  all  such  cultural  problems,  but  this  is  obtainable  only  for  Los 
Angeles,  with  which  point  we  may  fairly  compare  Los  Angeles  County 
and  Orange  County.  This,  it  will  be  seen  from  Table  VII,  ranges 
from  61  to  90  per  cent  for  the  5  a.  m.  observation,  and  from  61  to  68 
per  cent  for  the  5  p.  m.  observation.  This  condition  of  atmospheric 
moisture  would  give  orchards  in  these  locaUties  a  great  advantage, 
for  instance,  over  the  one  studied  at  Palm  Springs  in  the  edge  of  the 
Colorado  Desert,  except  that  the  trees  suflFer  more  from  the  attacks 
of  parasites  in  the  more  humid  climate. 

One  of  the  most  extensive  examples  of  olive  culture  without  irriga- 
tion in  this  region  is  to  be  found  on  a  large  ranch  in  the  southern  part 
of  Los  Angeles  County,  near  La  Mirada,  Cal.  Here  are  500  acres  in 
oUves,  the  oldest  set  sixteen  years  ago  and  others  as  recently  as  seven 
or  eight  years  ago.  The  planting  distance  was  only  20  feet,  giving 
108  trees  to  the  acre.  The  oUves  occupy  rolling  hiUside  land  for  the 
most  part,  difficult  of  irrigation  even  if  a  water  supply  were  at  hand. 
The  soil  is  as  a  rule  a  rather  strong  adobe,  with  some  admixture  of 
sand  in  parts  of  it.  The  nature  of  the  hills  nearest  would  indicate  an 
abundance  of  lime  in  this  soil,  which  is  so  important  for  olive  produc- 
tion.    Some  degree  of  cultivation  is  given  between  the  rows,  but  with 
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the  older  trees  the  spread  of  the  branches  prevents  reaching  all  of  the 
surface. 

The  original  plan  was  to  remove  half  of  the  trees  as  they  began  to 
crowd  by  cutting  out  every  other  row  on  the  diagonal.  The  effect  of 
this  is  to  leave  one-half,  or  64  trees  to  the  acre,  in  rows  20  feet  apart, 
and  trees  40  feet  apart  in  the  row  alternating.  This  has  been  done 
with  some  blocks  of  the  older  trees  and  is  a  very  evident  gain.  Where 
the  original  stand  of  the  older  trees  still  remains  there  is  evidence  of 
crowding  and  lack  of  thrift  in  many  cases,  and  the  writer  is  convinced 
that  a  stand  of  only  27  trees  to  the  acre,  or  40  by  40  feet,  would  be 
still  better  as  the  trees  advance  in  age.  The  great  vigor  and  pro- 
ductiveness of  the  trees  along  the  draws  and  low  places  where  any 
surplus  of  rain  would  flow  give  evidehce  that  water  famine  had  been 
felt  bv  the  small  trees. 

A  notable  feature  of  this  orchard  was  the  prevalence  of  the  common 
black  scale,  a  parasite  found  on  olive  trees  all  along  the  range  of  the 
ocean  fogs  unless  vigorously  combated,  and  not  found  to  a  harmful 
extent  in  the  interior  valleys  of  California  or  Arizona.  How  seriously 
this  scale  interferes  with  the  functions  of  the  tree  is  a  matter  upon 
which  olive  growers  differ  widely,  but  there  is  no  difference  of  opinion 
as  to  the  scale  preventing  the  production  of  an  olive  of  good  pickling 
qualities.  * 

Of  the  varieties  planted,  the  Mission  is  the  most  prominent  and 
satisfactory,  though  considerable  blocks  of  the  Nevadillo,  the  Pendu- 
lina,  and  the  Columbella  are  also  grown. 

Plate  VI,  figure  1,  shows  a  general  view  across  a  small  valley  in 
this  orchard,  and  figure  2  a  view  among  the  rows  of  older  trees  thinned 
by  removing  alternate  diagonal  rows. 

In  comparison  with  this  orchard  stands  the  case  of  a  ranch  2  or  3 
miles  away,  the  soil  and  location  being  practically  the  same.  Here 
400  or  more  acres  of  olives,  probably  differing  little  at  the  start,  have 
for  several  years  been  in  absolute  neglect.  Many  of  the  trees  were 
never  properly  headed  up,  being  mere  stools  of  several  shoots  from 
the  ground.  No  evidence  of  cultivation  could  be  seen,  but  grass, 
weeds,  and  small  shrubs  robbed  the  trees  of  the  needed  moisture. 
This,  with  the  close  planting,  had  reduced  the  problem  to  one  of 
existence  instead  of  profitable  production.  There  was  some  fruit, 
and  occasional  trees  enjoying  some  little  advantage  in  space  and 
moisture  were  bearing  fair  crops.  These  only  helped  to  prove  the 
fallacy  of  the  idea  that  the  olive  is  a  tree  that  may  be  planted  upon 
dry  and  barren  soil,  given  absolute  neglect,  and  yet  produce  profitable 
crops  of  fruit.  Here  in  these  contrasted  orchards,  with  soil,  rainfall, 
and  temperature  similar,  the  difference  between  pruning  and  culture 
on  one  hand  and  neglect  on  the  other  made  the  difference  between 
a  profitable  industry  with  a  fine  product  and  a  poor  and  scant  cro] 
not  worth  going  over  the  ground  to  gather. 
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ABEA  OF  POSSIBLE  DBY-LAND  OLIVE  CXTLTITBE  IN  THE  UNITED 

STATES. 

ABEA  LIMITED  BY  THE  MINIBfUM  TEMPERATURE. 

Of  the  factors  defining  the  area  of  olive  culture  in  the  United  States, 
that  of  minimum  temperature  is  the  most  important. 

It  has  been  claimed  by  some  authors  **  and  by  many  olive  growers 
that  an  actual  minimum  temperature  of  14°  or  15°  F.  will  prove  fatal 
to  the  olive  tree.  It  is  undoubtedly  true,  however,  that  the  olive 
will  endure  considerably  more  cold  than  this  if  it  is  in  a  thoroughly 
dormant  condition.  This  is  especially  true  where  the  atmosphere 
is  dry  and  where  the  low  temperature  persists  for  only  a  short  time, 
possibly  a  few  minutes  at  near  daylight,  as  is  so  often  the  case  in  the 
southwestern  sections. 

As  an  illustration  of  these  ideas,  in  1899,''  from  February  11  to  13, 
a  cold  wave  of  unusual  intensity  swept  over  a  great  portion  of  the 
Southwest,  temperatures  of  —6°  to  —23°  F.  being  recorded  in  north- 
em  Texas,  and  as  low  as  8°  F.  in  the  southwest  border. 

At  San  Antonio  two  stations  gave  minimum  records  of  4°  F.  At 
Fort  Mcintosh,  on  the  Rio  Grande  near  Laredo,  a  minimum  tem- 
perature of  5°  F.,  probably  for  only  a  brief  period,  was  recorded 
on  the  morning  of  February  12,  and  at  Fort  Ringgold,  90  miles  down 
the  river,  a  temperature  of  7°  F.  was  recorded  on  the  morning  of 
February  13. 

An  olive  grove  of  an  acre  or  more  about  2  miles  from  Fort  Mcin- 
tosh suffered  some  killing  back,  though  the  trees  were  not  seriously 
injured  and  may  be  seen  to-day  looking  as  vigorous  as  any  in  the 
oUve-growing  districts  of  California  or  Arizona. 

At  the  dry-land  experiment  station  of  the  Bureau  of  Plant  Industry, 
near  San  Antonio,  Tex.,  young  oUve  trees  of  the  Chemlali  variety 
endured  a  minimum  temperature  during  the  winter  of  1907-8  of  18° 
F.,  with  but  a  slight  killing  back  at  the  tips.     Yet  in  1909  these  olive 

o  A  temperature  of  5°  C.  below  zero  (or  23°  F.),  followed  by  a  sudden  thaw  operated 
by  the  sun's  rays,  is  sufficient  to  kill  it  totally  at  the  base.  With  a  lower  temperature 
not  followed  by  sunny  days  the  plant  does  not  suffer  as  much,  as  it  can  stand  a  cold 
of  10*^  C.  below  zero  (or  14"^  F.). — Olive  Culture y  Italy ^  Annual  Report  of  the  State  Bacard 
of  Horticulture  J  Calif omiay  1890  ^  p.  440' 

**A  low  temperature,  say  14°  F.,  is  fatal  to  the  tree." — B.  M.  Lelong,  Investigation 
Made  by  the  State  Board  of  Horticulture  of  California  Olive  Industry,  Sacramento,  1900, 
p.  8. 

"The  olive  can  g:row  in  all  regions  where  the  minimum  temperature  does  not  fall 
below  —7°  or  —8°  C.  and  does  not  last  more  than  eight  days." — Translation  from 
Hidalgo  Tahlada. 

6  Annual  Summary,  1899,  Texas  Section,  Climate,  and  Crop  Service,  Weather 
Bureau,  U.  S.  Dept.  of  Agriculture. 
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trees  and  trees  of  several  varieties  planted  in  190S  were  with  one 
exception  killed  to  the  ground  under  conditions  where  the  minimum 
temperature  reached  was  only  18°  F.  After  mild  weather  during 
the  latter  part  of  December  and  the  early  part  of  January,  with 
maximum  temperatures  of  76°  and  77°  on  January  9  and  10  and  63° 
F.  on  the  following  day,  a  ''norther"  brought  the  temperature  to 
20°  at  3  p.  m.  on  January  11,  with  a  minimum  of  18°  F.  at  night. 
On  January  12  the  minimum  was  18°  with  a  maximum  of  only  22°, 
and  there  was  a  minimum  of  22°  on  the  morning  of  January  13,  the 
temperature  thus  being  maintained  about  forty  hours  at  from  10°  to 
14°  below  freezing.  The^e  trees  were  in  a  plat  which  in  accordance 
with  the  general  cultural  policy  of  the  farm  had  been  kept  under 
fine  surface  tUlage,  enabling  the  soil  to  store  abundant  moisture  from 
the  season's  rains.  This  arrangement  prevented  the  olive  trees  from 
entering  the  dormant  condition  necessary  to  their  resisting  the  low 
temperatures,  and  the  freezing  sap  burst  the  bark  of  most  of  them 
and  killed  all  to  the  crown,  from  which  they  sprouted  again  freely. 

At  Boeme,  30  miles  northwest  of  San  Antonio  and  700  feet  higher 
in  altitude,  the  temperatures  registered  were  1°  lower  each  day  of  this 
cold  spell  than  those  at  the  San  Antonio  farm,  yet  the  olive  trees 
there  sustained  much  less  injury. 

A  region  may  have  monthly  mean  temperatures  and  an  annual 
mean  sufficient  to  place  it  high  in  the  scale  when  compared  with  well- 
known  olive  regions,  yet  where  high  winter  means  include  sudden 
drops  and  low  minima  the  trees  will  suffer  all  the  more  severely.  As 
an  example,  the  monthly  mean  temperatures  at  San  Antonio  are 
higher  throughout  the  year  than  those  of  Fresno,  Cal.,  or  of  Catania, 
in  Italy,  and  excepting  only  the  autumn  months,  higher  than  those 
of  Sfax,  in  Tunis,  three  representative  olive-producing  regions. 
Yet  the  liabiUty  to  the  sudden  advance  of  cold  waves  may  upon 
experimentation  be  found  to  exclude  this  portion  of  Texas  entirely 
from  the  olive-growing  belt. 

It  seems  probable  also  that  there  is  a  considerable  difference  in 
olive  varieties  in  resistance  to  cold,  and  an  inviting  field  for  experi- 
mentation is  here  offered. 

The  high  altitudes  of  the  greater  portion  of  New  Mexico  will 
doubtless  exclude  the  olive  on  account  of  too  severe  cold.  However, 
it  seems  probable  that  favored  mesa  sites  may  be  found  in  the  south- 
western portion  of  the  Territory,  particularly  in  Grant  and  Dona 
Ana  counties,  where  the  olive  may  be  grown. 

French  authorities  *  give  the  maximum  range  in  altitude  for  the 
dive  as  from  500  meters  (1,600  feet)  in  France  and  northern  Italy  to 

<>  Investigation  Made  by  the  State  Board  of  Ilorticulture  of  the  California  Olive 
Industry,  Report  to  Governor  Gage,  1900,  p.  8. 
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700  meters  (2,300  feet)  in  Sicily,  it  being  even  affirmed  that  it  ascends 
as  high  as  800  meters  (2,600  feet)  on  that  island. 

Simmonds,  in  his  "Tropical  Agriculture,"  states  that  the  olive 
grows  at  Quito,  under  the  equator,  at  a  height  of  8,000  feet  above  sea 
level.* 

According  to  the  reports  of  the  California  State  Board  of  Horti- 
culture **  the  olive  does  well  at  an  altitude  of  3,000  feet  at  37  degrees 
latitude  in  the  Sierra  Nevadas.  In  the  southern  part  of  Arizona  it 
is  probable  that  it  may  thrive  at  stiU  higher  altitudes,  possibly^  at 
5,000  feet.  Nor  could  a  safety  line  of  altitude  alone  be  defined,  for 
some  higher  spots  favorably  situated  will  be  found  to  be  more  reliable 
than  lower  locations  adjacent. 

In  California  the  olive  grows  well  around  San  Diego,  and  from 
there  along  the  coast  northward  to  the  upper  end  of  the  State  and 
up  into  small  valleys  of  the  Coast  Range.  Farther  inland  the  suc- 
cess would  be  limited  by  altitude,  but  it  can  be  depended  upon 
throughout  upland  portions  of  the  greater  area  of  the  interior  val- 
leys and  to  altitudes  of  about  3,000  feet  in  the  foothills.  In  Arizona 
areas  of  oUve  territory  may  be  looked  for  as  far  north  as  the  Gila 
River  in  Pinal  County  and  farther  west  to  the  north  line  of  Maricopa 
County,  with  probably  the  western  limit  at  about  the  meridian  of 
Gila  Bend,  on  account  of  reduced  rainfall.     (See  Table  VIII.) 

Table  VIII. — Localities  in  Arizona  where  dry-land  olive  culture  may  he  'possible ^  wUh 

meteorological  record,  c 


station. 


Congress 

Columbia... 
Kingman... 

Jerome 

Cllne 

Globe 

San  Carlos. . 

Phoenix 

Dudley  ville. 

Tucson 

Ben.son 

Oracle  « 

Tombstone . 


Length 
of  record. 

Altitude. 

Mean  an- 
nual tem- 
perature. 

Years. 

Fed. 

•  F. 

12 

3,668 

67.2 

10 

1,900 

68.2 

7 

3,362 

61.2 

12 

4,743 

60.8 

0 

2,300 

63.9 

6 

3,525 

62.9 

19 

2,456 

14 

1,108 

69.5 

18 

2,360 

65.0 

28 

2.390 

67.6 

25 

3,523 

66.1 

16 

4.500 

62.0 

10 

4,550 

62. 1 

Date  of  killing  fhMt, 

Mini- 

1908. 

mum  for 

1908. 

Spring. 

Fall. 

O    f. 

29 

Feb.    4 

Nov.    9 

29 

Feb.  16 

Nov.  25 

22 

June    4 

Oct.   18 

22 

Apr.  17 

Sept.  29 

23 

Apr.    9 

Oct.   24 

24 

Mar.  28 

Oct.   19 

23 

Apr.     4 

Oct.   21 

30 

Mar.    8 

Dec.  21 

24 

Mar.  23 

Oct.  22 

22 

. .  .do .... 

Oct.   19 

21 

..  .do 

...do 

10 

Mar.  29 

Dec.    4 

25 

Feb.  28 

Nov.  18 

Precipl- 

tatioD, 

1908. 


13.15 
15l40 
11.77 
18.32 
15.94 
16.51 
12.78 
<f7.88 
H.GO 
10.69 
9.08 
2&90 
14.00 


a  <  •  In  the  neighborhood  of  Quito,  situated  under  the  equator,  at  a  height  of  8,000  feet  above  the  levd 
of  (he  s(>a,  where  the  temperature  varies  even  less  than  in  the  island  climates  of  the  temperate  zone,  the 
olive  attains  the  magnitude  of  the  oak,  yet  never  produces  fruit."  -P.  L.  Simmonds,  TrojHcal  AgrUvl- 
ture,  p.  syj. 

6  Investigation  Made  by  the  State  Board  of  Uorticulture  of  the  ralifornia  Olive  Industry,  Report  to 
Governor  (Jage,  1900,  p.  8. 

e  Annual  Summary,  1908,  Arizona  Section  of  the  Climatx)logical  Service  of  the  Weather  Bureau. 


d  Mean  annual,  Weather  Bureau,  U.  S.  Dept.  of  Agriculture 
<  Climatology  of  the  United  States,  Bulletin  *',Q/'  Weatbs 


Weather  BureaUi  U.  S.  Dept.  of  Agriculture. 
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AB£A   LIMITED  BT  HEAT  REQUIREMENTS. 

While  the  Pope  olive  grove  has  been  studied  as  a  case  of  survival 
without  fruiting  in  spite  of  extreme  adverse  conditions,  yet  in  the 
garden  of  Dr.  Wellwood  Murray  at  Palm  Springs  Hotel,  with  an 
ample  shelter  belt  of  trees  around  the  border,  two  trees  of  the  Pendu- 
lina  variety  have  made  a  good  growth  and  ripen  fair  crops  of  fruit 
with  only  scant  irrigation,  though  there  is  scarcely  a  summer  when 
a  temperature  of  120^  to  122^  F.  is  not  recorded. 

As  to  the  maximum  temperature  which  the  olive  will  withstand,  it 
b  hard  to  find  a  locaUty  in  the  United  States  where  a  fair  degree  of 
success  may  not  be  met  with. 

Contrary  to  the  often-expressed  opinion  that  it  is  only  successfully 
grown  in  regions  adjacent  to  the  seacoast  ^  the  olive  thrives  and 
produces  abundantly  in  such  hot  interior  localities  as  Biskra,  Algeria; 
Fresno,  Cal.;  and  Phoenix,  Ariz. 

At  Phoenix,  Ariz.,  maximum  summer  temperatures  of  112^  to  116^ 
F.  are  matters  of  record,  with  a  July  mean  of  90^  F.  The  mean 
temperatures  for  the  months  of  June,  July,  August,  and  September 
are  6  to  9  degrees  higher  than  those  of  Catania,  the  warmest  olive- 
growing  station  of  Italy,'  and  compare  quite  closely  throughout  the 
year  with  the  mean  of  Biskra,  Algeria.     (See  fig.  10.) 

There  is  near  Phoenix  a  small  but  flourishing  olive  industry  under 
irrigation,  the  trees  making  a  rapid,  healthy  growth  and  bearing  good 
crops  of  olives,  yielding  oil  of  an  excellent  quality.  This  affords 
proof  of  the  high  temperature  which  the  olive  will  sustain  when  that 
factor  alone  is  taken  into  account. 

There  is  an  area  through  the  more  wind-exposed  portions  of  the 
Colorado  Desert  where  it  is  possible  that  the  hot,  dry  winds  of  the 
early  spring  prevent,  as  a  rule,  the  setting  of  the  fruit,  though  the  few 
trees  to  be  found  there  make  a  fair  growth  with  a  minimum  of 
irrigation. 

For  the  development  of  the  olive  fruit  a  rather  constant  number  of 
beat  units  above  the  dormant  or  zero  point  of  the  olive  tree  is  needed 
during  the  active  or  growing  season.  For  convenience  in  transcrib- 
ing the  data  from  weather  records,  however,  these  heat  units  are  here 
asumed  in  degrees  above  zero,  Fahrenheit.  Thus,  as  the  mean  tem- 
perature of  PhoeniXy  Ariz.,  has  been  determined  after  a  number  of 
years  of  recorded  observations  to  be  52°  F.  for  the  month  of  January, 
multiplying  52  by  31,  the  number  of  days,  gives  1,612,  representing 
the  number  of  heat  units  for  that  month.  Computing  each  month 
in  the  same  manner,  their  sum  amounts  to  25,607,  the  number  of 
heat  units  for  the  year. 

o  Caruso,  G.    DeU*  Olivo,  Turin,  1883,  p.  34. 
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Table  IX  shows  the  mean  monthly  and  mean  annual  temperatures^ 
with  the  sums  of  heat  units  for  twelve  localities  of  the  olive-growing 
regions  of  Europe,  Africa,  and  the  United  States,  selected  to  show  a 
range  of  temperatures  from  that  at  Bologna,  Italy,  with  an  annual 
mean  of  57.16°  F.  and  20,895  heat  units,  which  is  slightly  too  cool,  to 
that  of  Palm  Springs,  Cal.,  where  there  is  probably  about  the  extreme 
of  heat  which  the  olive  will  endure,  it  having  an  annual  mean  of 
72.1°  F.  and  a  summation  of  26,349  heat  units. 

Table  IX. — Mean  temperatures  and  summation  of  temperatures,  by  months,  at  points 

in  Algeria,  Tunis,  Sicily,  Italy,  Arizona,  and  California. 


Month. 


January... 
February . 

March 

April 

May 

June 

July 

August 

September 
October. . . 
November, 
December. 

Year 


Palm 
Springs,  Cal. 


•/-: 
56.20 
57.  rO 
63.96 
68.62 
74.19 
85.06 
91.55 
88.23 
83.73 
76.48 
63.93 
55.88 


B 
O 
33 

es 

s 

s 

s 


1,742 
1,610 
1,983 
2,059 
2,300 
2,552 
2.838 
2,735 
2.512 
2,371 
1.918 
1,729 


72.10 


26.349 


Ulskra. 
Algeria.** 


Phoenix, 
Arts. 


S 


50.5 
53.0 
60.5 
68.0 
75.0 
82.0 
93.2 
90.0 
87.5 
75.0 
01.0 
53.0 


70.7 


B 
O 

a 
B 
B 

3 
CQ 


*F. 
1,565.5 
1,584.0 
1.875.5 
2.040.0 
2,325.0 
2,460.0 
2.889.0 
2,790.0 
2,625.0 
2,325.0 
1.830.0 
1,643.0 


25,952.0 


•F. 

52 

56 

60 

67 

75 

85 

90 

89 

83 

71 

61 

52 

70 


c 
o 

B 

B 

a 

SQ 


•F. 
1,612 
1.568 
1,860 
2,010 
2.325 
2,550 
2,790 
2,759 
2.190 
2.201 
1.830 
1,612 

25.607 


Tucson, 
Arlx. 


a 
99 


B 
O 

« 

E 
B 

3 


•F. 

50 

54 

59 

66 

74 

82 

88 

86 

81 

70 

59 

52 


08 


•F. 
1,550 
1,512 
1,829 
1,980 
2,294 
2,460 
2,728 
2,666 
2,430 
2.170 
1,770 
1,«12 

'25,001 


Sfax, 
Tunis.* 


a 


c 

9 

5 
« 

B 

B 

s 

00 


Catania, 
SldJy.e 


•F. 
51.3 
54.4 
59.1 
63.2 
68.8 
72.8 
78.6 
79.3 
78.4 
72.8 
61.8 
54.0 


66.2 


•F. 
1,590.3 
1,523.2 
1,832.1 
1.896.0 
2,132.8 
2, 184. 0 
2.433.5 
2,458.3 
2,352.0 
2,256.0 
1,854.0 
1.674.0 


24,186.2 


a 
o 

09 

s 
i 


•F. 

50 

52 

56 

60 

68 

76 

81 

82 

77 

68 

60 

54 


66 


•F. 

1,550 
1.456 
1,736 
1,800 
2,106 
2.280 
2,5U 
2,542 
2,310 
2.108 
1.800 
1.674 


23.875 


Month. 


Fresno, 
Cal. 


B 
O 

00 

B 
B 


Los  Angeles, 
Cal.rf 


B 

s     i 

S  CO 


San  Diego,    pi^,  itaiy.c 


Cal 


a 


January '  45 

F'ebruary ,  51 

March '  54 


April 

May 

June , 

July 

August 

September. 

October 

November. 
December. , 


60 
67 
75 
82 
81 
74 
64 
55 
46 


■^"~"  —  -  — 

•F. 

•F. 

•F.   |*F. 

1,350 

54.2 

1,670.2 

54 

1.428 

55.5 

1.554.0 

55 

1,674 

56.9 

1.763.9 

56 

1,800 

59.4 

1,782.0 

GO 

2,077 

62.5 

1,937.5 

62 

2,250 

(i6.7 

2.001.0 

65 

2.542 

68. 9 

2.135.9 

68 

2.5U 

71.4 

2.213.4  70 

2.220 

69.5 

2.085.0 

66 

1,984 

64.7 

2.005.7 

64 

1.650 

(50.4 

1.812.0 

59 

1,426 

56.5 

1,751.5 

56 

a 
o 

S 

E 

s 

CO 


"F. 

1.674 
1.540 
1,736 
1,800 
1,922 
1.950 
2.1O8 
2,170 
1,980 
1,984 
1,770 
1.736 


B 
O 


San  Jose, 
Cal. 


Bologna, 
Italy.c 


Year 63  ,22,921     62.3   22,712.1  I  61   22.370 


1 

** 

• 

B 

s 

S 

a 

S 

M 

•F. 

•F. 

44 

1.364 

49 

1,372 

52 

1,612 

60 

1,800 

65 

2,015 

71 

2,130 

77 

2,387 

75 

2.3->.5 

72 

2,160 

62 

1,%2 

52 

1,5<K) 

50 

1,550 

60.75 

22,257 

a  From  Bulletin  63,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  p.  04. 

b  From  Bulletin  125,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  p.  14. 

cFrom  "The  Olive,  Its  Culture  in  Theory  and  Practice.^'  by  A.  T.  Marvin,  San  Francisco,  1888. 

<*  Computed  from  data  furnished  by  Mr.  A.  B.  Wallaber,  United  States  Weather  Bureau,  Los  Angeles, 
Cal. 

eMean  temperatures  from  "Climatology  of  the  United  States,"  Bulletin  "Q",  Weather  Bureau,  U.  S. 
Dept.  of  Agriculture. 
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Caruso^  states  that  the  olive  sap  begins  to  stir  at  a  temperature 
of  10.50^  to  11°  C.  (which  is  equivalent  to  51°  to  52°  F.)  and  flowers 
at  18°  to  19°  C.  (equivalent  to  64.4°  to  66.2°  F.).  According  to  this 
author,  we  must  regard  the  zero  point  of  the  olive  as  about  51  °  to  52° 
F.,  but  the  temperature  figures  in  Table  IX  indicate  that  for  such 
localities  as  Palm  Springs  and  Los  Angeles  in  California  and  Phoenix 
and  Tucson  in  Arizona  the  zero  point  must  be  somewhat  higher, 
probably  55°  to  56°  F. 

To  ripen  the  fruit  within  a  period  of  safety  from  autimin  frosts, 
there  must  be  a  sum  of  about  16,400  heat  units  within  six  or  seven 
months  from  the  starting  of  vegetation.  Allowing  seven  months 
this  would  be  equivalent  to  about  16,400  units  from,  say,  the  middle 
of  March.  In  order  to  correlate  this  seasonal  estimate  with  the 
summation  of  average  annual  heat  units,  as  sliown  in  Table  IX, 
we  will  add  to  the  above  sxmi  the  niunber  of  heat  units  from  January 
1  to  March  15  for  Pisa,  Italy,  a  typical  olive  locality,  and  we  have  a 
summation  of  20,070  units,  which  would  throw  the  olive  ripening  at 
Pisa  to  about  November  20. 

Hidalgo  Tablada  *  gives  the  temperature  for  the  flowering  of  the 
olive  at  19°  C.  (66.2°  F.)  and  states  that  at  Seville  this  is  reached  about 
May  1.  From  that  statement,  the  accumulation  of  3,978  units  C. 
(12,376  F.,  allowing  one  hundred  and  sixty-three  days)  is  sufficient  to 
mature  the  fruit,  which  will  be  accomplished  early  in  October,  after  a 
growing  season  of  27.3°  C.  (81.14°  F.)  mean  temperature.  These 
dates  of  seasonal  activity  of  the  olive  can  be  regarded  only  as 
approximations,  there  being  variations  due  to  localities  as  well  as  to 
varieties  of  fruit. 

Data  regarding  the  olive  in  relation  to  climate  in  the  United 
States  are  rather  meager,  but  what  we  have  coincide  in  a  very  inter- 
esting way  with  the  European  observations. 

Figure  10  is  a  graphical  showing  of  the  data  of  Table  IX,  summing 
up  the  heat  units  in  columns  for  each  locality,  the  monthly  summa- 
tions being  carried  between  the  heavy  black  lines  across  the  chart. 
The  heavy  dotted  horizontal  lines  show  approximately  the  seasonal 
activity  of  the  olive  as  it  relates  to  these  sunmiations. 

The  phenological  records  for  the  olive  at  Phoenix,  Ariz.,*'  for  the 
year  1907-8  show  the  average  date  of  full  bloom  of  the  olive  to  be 

«Cani0o,  G.    Deir  Olivo,  Turin,  1883,  p.  34. 

^Hidalgo  Tablada,  Job6  de.  Tratado  del  Cultivo  del  Olivo  en  Espana  y  M(kIo  de 
Mejonrk),  Madrid,  1899,  p.  74. 

<^See  the  phenological  records  for  Phoenix,  Ariz.,  for  December,  1907  and  1908, 
ID  the  Arizona  8e<*tion  of  the  Climatological  Service  of  the  Weather  Bureau ,  U.  8 .  Dept. 
of  Agricalture. 
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about  May  1,  at  mean  temperatures  of  66°  to  71°  F.,  shown  by  line' 
C,  figure  10. 

The  olive  harvest  is  noted  as  beginning  from  October  S  to  10  and 
aa  completed  during  the  latter  part  of  December.  The  growing 
period  from  flower  to  earliest  ripe  fruit  averages  one  hundred  and 
sixty-three  days  at  a  mean  temperature  of  81. S**  F,,  giving  a  sum- 
mation of  13,314  units,  which  corresponds  vejy  closely  with  the  fig- 
ures of  Caruso  and  Tablada.  Adding  the  means,  7,050  units  from 
January  1  to  May  1,  we  have  a  iotal  of  20,364  units. 

For  the  full  maturing  of  the  crop  of  medium  varieties,  24,000  to 
25,000  units  will  be  needed  at  this  station,  while  late-maturing  sorts 
will  not  ripen  till  well  into  the  winter.  Referring  to  the  diagram 
(fig.  10)  the  line  D  indicates  20,.'i64  units,  which  occur  early  in  October 


ilaota  tn  U»  ollvf.growlng 
rrsnged  Tram  Table  IX. 

for  Phoenix,  late  in  November  for  Los  Angeles  and  Fresno,  an<l  barely 
within  tlie  year  at  Bologna,  Italy,  Caruso  states  that  the  latter  place 
is  too  cool  for  the  olive,  on  account  of  the  frosts  of  December  and  Jan- 
uary, but  that  the  fruit  matures  in  sunny  localities  on  the  hillsides  not 
far  from  the  town.  In  localities  liaving  low  simuner  means  but  with 
Uttle  or  no  frost  in  the  winter  months,  such  as  San  Jose  and  Santa 
Barbara,  Cal.,  where  the  reijuisite  number  of  heat  units  for  the  first 
ripening  of  the  fruits  will  barely  be  accumulated  by  the  end  of 
December,  the  olives  may  remain  on  the  trees  throughout  the  suc- 
ceeding winter  montlis.  Wliere  the  summation  of  about  21,000  de- 
grees can  not  be  reached  before  sucli  low  autumn  temperatures  prevail 
as  will  injure  tlie  fruit,  olive  growing  shouUl  not  be  undertaken. 
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AREA   LIMITED   BY   RAINFALL. 

Taking  up  the  consideration  of  rainfaU,  the  industry  must  be  con- 
sidered from  a  different  standpoint  from  that  in  which  olive  growing 
has  been  viewed  in  this  coimtry  in  the  past.  The  usual  planting  dis- 
tance has  been  from  20  to  24  feet.  With  abimdant  water  the  trees 
might  prosper  and  produce  remimerative  crops  with  this  area  to  draw 
from.  When  dependent  upon  local  rainfall  they  have  shown  signs 
of  failure. 

In  the  valuable  pamphlet  on  oUve  culture  entitled  ^'Investigation 
Made  by  the  State  Board  of  Horticulture  of  the  California  Olive 
Industry,  Report  to  Governor  Gage,"  1900,  page  29,  is  found  a  very 
significant  discussion  of  the  water  problem  by  the  Hon.  Frank  A. 
Kimball,  the  substance  of  which  is  as  follows:  Olive  trees  set  at  the 
ordinary  orchard  distance  in  this  region,  usually  about  116  trees  to 
the  acre,  gave  during  their  earlier  years  very  excellent  results  with- 
out irrigation..  Tlie  growth  was  vigorous  and  the  fruit  large  and 
fine. 

Mr.  Kimball  gives  a  graphic  account  of  their  condition  a  few  years 
later,  as  follows: 

The  trees  on  becoming  laige  required  the  necessary  moisture  to  develop  their  growth, 
which  had  now  assumed  immense  proportions.  The  soil  could  not  furnish  the  require- 
ments of  the  trees,  and  in  the  summer  they  lost  the  latger  portion  of  their  leaves.  They 
remained  in  this  semidormant  condition  until  the  rainy  season  set  in  or  moisture 
from  the  soil  began  to  rise.  Most  of  the  fruit  dropped,  and  what  did  not  fall  did  not 
attain  a  size  suitable  for  picking.  This  condition  of  affairs  continued  until  the  growers 
resolved  to  apply  water.  After  a  season  or  more  of  demonstration  they  found  irri- 
gation to  be  one  of  the  essential  means  through  which  a  crop  of  fruit  can  be  assured. 

The  reason  why  we  do  not  get  olives  is,  the  trees  are  starved,  if  want  of  water  can 
be  called  starvation .  For  lack  of  water  the  soil  can  not  furnish  the  material  from  which 
the  olive  is  made. 

The  idea  that  the  olive  trees  need  a  certain  minimum  volume  of 
water  for  the  performance  of  their  physiological  work  is  a  fundamental 
one,  but  it  does  not  seem  to  have  occurred  to  these  growers  that  by 
reducing  the  number  of  trees  to  the  acre,  thereby  giving  to  each  tree 
a  sufficient  area  to  afford  the  needed  moisture,  the  same  results 
might  be  secured  as  by  irrigation.  The  olive  has  shown  its  ability  to 
send  out  a  root  system  that  will  secure  the  needed  moisture  from  the 
laiger  area  of  soil  and  maintain  a  high  productiveness.  This  has 
been  shown  by  Mr.  T.  H.  Kearney's  study  of  the  dry-land  culture  of 
the  olive  in  Tunis,  now  accessible  in  Bulletin  125  of  the  Bureau  of 
Plant  Industry.  From  this  publication  we  learn  that  a  great  olive-oil 
industry  is  carried  on  in  Africa  on  lands  receiving  normally  only 
from  9.3  to  15  inches  of  rainfall  annually,  while  several  good  crops 
were  produced  during  a  period  of  seven  years  when  the  rainfall 
averaged  only  6  inches,  according  to  the  French  records. 
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The  secret  of  this  lies  in  wide  planting,  not  more  than  1 1  trees  to 
the  acre,  and  in  clean  cultivation,  keeping  the  soil  in  a  conditioB 
to  receive  every  drop  of  rainfall  and  to  conserve  it  to  the  utmost,  the 
varieties  used,  chiefly  Chemlali,  being  especially  adapted  to  such 
conditions  and  affording  a  high  percentage  of  oil. 

The  examples  presented  in  this  paper  are  those  of  the  endurance 
of  extremes  of  drought  and  neglect  by  varieties  of  the  olive  com- 
monly grown  in  the  south  of  Europe  under  conditions  of  suflScient, 
if  not  abundant,  moisture.  Their  growth  as  trees  in  these  arid 
situations  in  Arizona  and  California,  interesting  and  suggestive  as 
it  is,  would  not  warrant  their  maintenance  as  a  commercial  oil- 
producing  enterprise.  But  the  Chemlali  and  other  varieties  of  the 
olive  are  profitably  grown  for  oil  production  in  the  north  of  Africa 
without  irrigation,  and  under  conditions  of  soil  and  climato  fairly 
comparable  with  those  endured  by  the  Arizona  groves  herein  described. 
Whether  the  Chemlali  variety  will  make  the  profitable  growth  in 
Arizona,  California,  and  other  sections  of  the  Southwest  that  it  has 
in  Tunis  can  orily  be  determined  by  careful  experimentation. 

The  possibility  that  large  areas  of  land  within  the  proper  tempera- 
ture limits  and  having  an  ideal  soil  for  the  olive,  yet  without  the 
rainfall  or  irrigation  water  necessary  for  ordinary  crops,  may  be 
utilized  for  an  olive-oil  industry  makes  it  worth  while  to  institute 
experiments  of  sufficient  extent  to  thoroughly  test  the  matter.  Plant- 
ings of  more  than  an  experimental  character  are  not  warranted  by 
the  present  extent  of  our  information,  and  the  production  of  pickling 
olives  is  not  contemplated. 

In  each  of  the  instances  cited  where  olive  trees  have  remained 
alive  and  growing  in  spite  of  the  failure  of  water  it  is  necessary  to 
remember  that  the  plantation  was  estabUshed  under  irrigation. 
Likewise,  in  Tunis  the  truncheons  by  which  the  orchards  are  propa- 
gated are  carefully  watered  by  a  supply  carried  from  wells  until 
sufficiently  rooted  to  maintain  themselves,  three  waterings  usually 
being  sufficient  during  the  first  summer.  In  making  selections  of 
tracts  for  olive  culture  over  the  drier  areas  indicated  in  Texas, 
Arizona,  and  California  it  must  be  a  further  condition  of  success  that 
a  small  supply  of  water  from  some  source  can  be  assured  to  establish 
the  young  trees,  after  which  a  local  rainfall  of  7  to  12  or  15  inches 
annually  may  be  expected  to  support  the  plantation  and  enable 
it  to  produce  fair  yields  of  fruit — perhaps  enough  to  render  dry-land 
olive  culture  profitable  on  a  commercial  scale. 

SUHMABT. 

In  several  localities  in  southern  California  and  Arizona  olive  groves 
have  been  planted  along  with  apricots,  figs,  grapes,  and  some  other 
fruits.     The  irrigation  projects  under  wliich  these  plantings  were 
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made  subsequently  failed,  leaving  the  fruit  trees  without  any  water 
other  than  the  rainfall. 

The  local  rainfall  of  3^  to  8  or  10  inches  annually  has  proved 
insufficient  to  maintain  life  in  any  of  these  plants  except  the  olive, 
idiich  has  been  found  in  many  instances  green  and  flourishing  after 
six  or  eight  years  of  abandonment  and  lack  of  irrigation. 

Under  these  conditions  the  olive  has  shown  the  characteristics  of  a 
desert  plant,  competing  'yv^ith  the  mesquite,  cat's-claw,  and  grease- 
wood  in  their  own  territory.  The  plantations  which  have  been 
studied  are  the  Bogart-Degolia  grove  near  Casa  Grande,  Ariz.,  a  grove 
near  Florence,  Ariz.,  and  '*Las  Palmas''  trees  in  the  olive  belt  north- 
east of  Phoenix,  localities  having  a.  mean  annual  rainfall  of  7  to  9 
inches;  and  in  California,  the  Pope  olive  grove  near  Palm  Springs, 
in  the  upper  end  of  the  Colorado  Desert,  where,  with  an  annual 
average  rainfall  of  onlv  3^  inches,  20  acres  of  olives  have  survived  six 
years  without  irrigation  and  are  stUl  growing. 

The  soils  of  the  localities  are  sandy  and  gravelly  clays  derived 
from  the  disintegration  of  the  soft  granitic  rocks  of  the  adjacent 
mountains.  They  are  low  in  organic  matter,  but  fairly  rich  in  avail- 
able phosphoric  acid  and  potash.  The  soil  at  Palm  Springs  is  a 
nearly  pure  granitic  sand  and  gravel,  very  low  in  silt,  clay,  and 
humus,  but  showing  by  analysis  percentages  of  potash  and  phos- 
phoric acid  equal  to  the  better  agricultural  soils  of  the  Mississippi 
Valley. 

A  study  of  the  olive  trees  growing  under  these  conditions  has 
shown  that  unlike  the  mesquite  and  some  other  desert  trees  they  do 
not  survive  by  sending  roots  down  to  subterranean  supplies  of  mois- 
ture, but  develop  instead  a  very  elaborate  system  of  roots  occupying 
the  soil  at  from  2  or  3  to  18  inches  in  depth  and  adapted  to  gathering 
moisture  from  the  lightest  rainfall. 

The  remarkable  drought  resistance  of  the  olive  is  made  possible 
(1)  by  the  power  these  trees  possess  of  extending  their  roots  so  as  to 
gather  moisture  from  a  large  area;  (2)  by  their  habit  of  growth  in 
foraiing  low  spreading  tops  which  protect  the  trunk  and  main  branches 
from  the  burning  heat  of  the  sun;  and  (3)  by  the  character  of  their 
leaves,  which  are  constructed  in  a  manner  calculated  to  check  evap- 
oration and  conserve  the  moisture  obtained  by  the  roots. 

The  plantations  studied  were  made  according  to  irrigation  stand- 
ards and  contained  originally  from  75  to  114  trees  to  the  acre.  These 
plantings  have  proved  too  thick  for  successful  growth  witliout 
irrigation. 

The  varieties  used  in  these  orchards  are  the  ones  ooniinonly  grown 
under  conditions  of  sufficient  rainfall  in  France  and  Italy  or  with  an 
abundance  of  irrigation  in  California. 
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The  publication  in  1908  of  Bulletin  125  of  the  Bureau  of  Plant 
Industry,  entitled  "Dry-Land  Olive  Culture  in  Northern  Africa,** 
by  Mr.  Thomas  H.  Kearney,  has  brought  to  our  attention  the  existence 
of  a  great  oil-olive  industry  many  centuries  old,  in  the  north  of 
Africa,  dependent  on  an  average  annual  rainfall  of  9.3  inches.  Tlie 
principal  varieties  grown  are  probably  of  local  origin,  adapted  to 
these  conditions  through  years  of  selection. 

Very  wide  planting  allows  a  great  spread  of  roots  for  moisture 
gathering,  while  a  system  of  clean  cultivation  and  dust-mulch  form* 
ing  in  vogue  in  that  country  before  it  was  occupied  by  Europeans 
conserves  to  the  utmost  the  meager  rainfall. 

The  most  drought  resistant  of  these  varieties,  the  Chemlali,  has 
been  imported  by  the  Bureau  of  Plant  Industry,  and  is  being  tested 
at  a  number  of  localities  in  the  Southwestern  States. 

In  view  of  the  remarkable  drought  resistance  shown  by  European 
olive  varieties  accustomed  to  abundant  moisture,  as  shown  in  this 
bulletin,  it  is  believed  that  with  the  planting  of-  this  desert-bred 
variety  from  Africa  and  the  adaptation  to  our  conditions  of  the 
Tunisian  methods  of  planting  and  culture,  large  areas  of  land  in 
the  Southwestern  States  possessing  a  suitable  soil  and  climate  but 
now  undeveloped  from  lack  of  irrigation  water  are  adapted  to  pro- 
duce olive  oil. 

Trial  plantations  are  now  being  made  at  various  points  in  this 
region  to  determine  whether  such  dry-land  olive  culture  will  prove 
profitable  on  a  commercial  scale  under  American  conditions. 
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ANATOMICAL  STRUaURE  OF  THE  OLIVE 
(OLEA  EUROPEA)." 

By  Dr.  Theo.  Holm. 


BOOT  BTBTTCnrSX  OT  THU  OLCVB. 

ChvBcterisUc  of  the  root  structure  of  the  genus  Olea  is  the  presence 
of  stereome  on  the  inner  face  of  the  pericambium  and  the  prevalence 
of  cambial  cell  divisions  on  the  inner  face 
of  the  leptome.     Otherwise,  the  arrange- 
ment and  development  of  the  various  tis- 
sues is  not  different  from  that  of  many  ^ 
other  dicotyledons.  ^ 

The  structure  is  as  follows:    In   the 
roung  lateral  roots  of  the  third  order  (figs.  c 

11  and  12)  the  epidermis  (Ep.)  is  very 
hairy  and  covers  an  exodennis  (Ex.)  of 
tbin-walled  cells  in  a  single  layer;  this 


esodermis  is  not  contractile.     The  cortex       iai€nii™to(ti«turf'^"r"'ori 
(C.)  b  compact  and  thm  walled;  it  con-       ir«(romPBiiDSpriii«3,Ctti„8iK,wing 
EKu  of  eight  layers,  more  or  less  mieu 

vith  starch;  a  thin-walled  endodermis  (End.)  is  plainly  visible,  bor- 

detiug  on  the  pericambium  (P.)  which  shows .  isolated  strands  of 

fc  stereome  (St.)  outaide    the  leptome.    The 

^  stele  is  tetrarch,  there  being  four  strands  of 

leptome  (L.)  alternating  with  four  rays  of 

hadrome  (H.),  which  extend  to  the  center 

of  the  stele.     Increase  in  thickness  begins 

even    in    these    thin  roots,  since   cambial 

(Camb.)  divisions  are  noticeable  on  the  inner 

IK.  a.-iiiHT  portion  of  uiFniDt    f**®  ^f  the  Icptome,  although  the  increase 

manvneimioaofihFoUveraot    docs  not  extend  beyond  the  formation  of 

*"""*""    '^  ""■'         these  few  layera. 

In  lateral  roots  of  the  first  or  second  order,  on  the  other  hand,  the 
increase  in  thickness  attains  much  larger  dimensions,  due  to  the 

■Hiia  deecription  of  the  anatoniyof  olive  loote,  leaves,  and  stems,  with  t«n  illus- 
baticdH,  wss  prepared  at  the  writer's  request  by  Dr.  Theo.  Holm,  ot  BrookUnd, 
D.  C,  from  material  rolle<'ted  from  several  California  grovM. 
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activity  of  the  pericambium  in  <ieveloping  phellogen  (Ph.)  and  cork 
(Co.)  (fig.  13),  besides  a  secondary  cortex  (C*)  (fig.  14),  to  say 
nothii^  of  the,  continued  cambial  cell  divisions  on  the  inner  face  of 
the  leptome,  as  observed  already  in  the  much  thinner  lateral  roots. 
The  result  of  these  various  in- 
creases (fig.  14)  is  the  develop- 
ment of  a  broad  zone  of  cork,  the 
development  of  a  secondary  cor- 
tex (C*),  the  development  of  a 
closed  sheath  of  pericambial 
stereome  (St.),  and  finally  from 
the  cambial  strata  the  develop- 
ment of  secondary  leptome  and 
hadrome  (L.  and  H.)  with  rays 
of  parenchyma  (P.). 

The  diagram  (fig.  15)  shows 
the  arrangement  of  all  these  tissues  except  the  epidermis  and  the 
exodermis,  which  have,  of  course,  been  thrown  off  before  this  stage  is 
reached.  The  center  of  the  root  possesses  remnants  of  the  primitive 
root  st«le,  from  which  rays  of  parenchyma  extend  toward  the  sec- 


Fio.  13.— Tranaverae  sectkm  o[s  teleral  nx 
orawond  order  ol  an  olive  tne.sbowliig 
meat  of  ptKllogen  (Fh.)  and  cork  (Co.). 


oltbefint 

(X  120.) 


15.— DiagrBin  of  Ibe  root  of  bq  olive  tm.alKnrlnt 

general  nrrsngpmsrL  of  llaauea  dpscrlbed  Inflgurea 
oH.Induslve.    (X  MJ.) 


ondary  cortex  (C*).  The  root  of  the  genus  Olea  shows  the  arrange- 
ment of  the  several  tissues  in  a  remarkably  regular  way,  and  the 
presence  of  pericambial  stereome  is  interesting. 


LEAF  AND  STEM  STBUCTTJBE  OF  THE  OLIVE.  49 

LBAF  AND  STEM  8TBTTCTT7BE  OF  THE  OLIVE. 

The  structure  of  the  olive  leaf  is  that  of  a  xerophyte;  in  other 
words,  it  shows  in  a  high  degree  pecuUarities  of  structure  that  char- 
acterize most  woody  plants  that  grow  in  situations  where  both  air 
and  soil  normally  contain  a  relatively  small  amount  of  moisture. 
On  the  upper  surface  of  the  leaf  the  cuticle  and  outer  walls  of  the 
epidermis  cells  are  greatly  thickened^  stomata  are  absent,  and  shield- 
shaped  hairs  are  scattered  over  the  surface.  On  the  lower  face  the 
outer  walls  of  the  epidermis  cells  are  very  thick  (though  less  so  than 
on  the  upper  surface),  the  stomata  are  placed  at  the  bottom  of  nar- 
row pits,  and  shield-shaped  hairs  form  a  dense  continuous  covering. 
The  interior,  chlorophyll-bearing  tissue  (chlorenchyma)  consists  of 
three  or  four  very  compact  layers  of  palisade  cells  (i.  e.,  narrow  cells, 
elongated  at  right  angles  to  the  epidermis)  beneath  the  upper  epi- 
dermis, and  between  the  palisades  and  the  lower  epidermis  many 
layers  of  so-called  pneumatic  tissue,  the  cells  of  which  are  very  irreg- 
ular in  shape,  not  much  longer  than  wide,  and  inclose  numerous  air 
spaces.  Prosenchymatic  cells  with  very  thick  walls  (the  stereome), 
either  singly  or  in  groups,  are  scattered  through  the  mesophyll  and 
occur  here  and  there  directly  beneath  the  epidermis,  as  well  as  in 
several  continuous  layers  adjoining  the  midrib.  Between  the  mid- 
rib and  the  sheath  of  stereome  there  is  no  chlorenchyma,  but  extend- 
ing to  the  epidermis  on  both  sides  are  several  layers  of  collenchyma, 
of  which  the  cells  contain  no  chlorophyll  and  have  their  walls  greatly 
thickened,  especially  at  the  angles. 

Of  the  foregoing  characters,  those  which  may  be  pointed  out  as 
especially  xerophytic  are:  Thickness  of  the  cuticle  and  outer  cell 
walls  of  the  epidermis,  absence  of  stomata  on  the  upper  surface  and 
their  situation  in  pits  on  the  lower  face,  and  the  dense  covering  of 
flat,  shield-shaped  hairs  on  the  lower  face.  These  characters  are 
supposed  to  be  especially  useful  to  plants  that  inhabit  dry  climates 
or  that  grow  in  soils  from  which  their  roots  obtain  moisture  with 
diflBculty,  by  protecting  the  leaves  from  excessive  loss  of  water 
through  transpiration.  The  development  of  the  chlorenchyma  be- 
neath the  upper  face  of  the  leaf  into  several  layers  of  compact  pali- 
sade tissue  is  also  characteristic  of  many  xerophytes. 

In  leaves  of  the  olive  developed  in  the  shade  or  in  a  moist  atmos- 
phere, the  cell  walls  of  the  epidermis  are  much  thinner,  the  stomata  are 
level  with  the  surface  instead  of  being  situated  in  pits,  and  the  midrib 
is  embedded  in  chlorenchyma,  with  a  much  smaller  development  of 
collenchyma. 

Leaves  and  young  twigs  of  olive  trees  were  collected  in  abandoned 
orchards  at  Phoenix,  Ariz.,  and  at  Palm  Springs,  Cal.  In  the  former 
case  the  tree  had  been  without  irrigation  for  six  years  and  in  the  latter 
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case  seven  years.    Since  in  both  cases  the  ground  water  was  out  of 
reach  of  the  roots  and  since  the  average  yearly  rainfall  in  Phoenix  is 
but  8.11  inches  and  at  Pabn  Springs  only  3.5  inches,  it  is  evident  that 
these  leaves  were  produced  under  extremely  arid  conditions.     In  fact, 
the  conditions  at  Palm  Springs  probably  represent  the  extreme  of 
drought  that  the  olive  tree  can  endure.     In  both  cases  the  varieties 
were  not  identified.     For  purposes  of  comparison,  similar  material  of 
the  Mission  olive,  the  variety  most  widely  grown  in  California,  was 
obtained  at  Niles,  Cal.,  where  the  trees  are 
irrigated  at  least  once  during  the  season 
and  where  the  average  yearly  rainfall  is 
14.8  inches,  with  a  low  evaporation  due  to 
the  cool  summer  climate.     The  leaf  and 
stem  structure  of  the  last,  which  may  be 
regarded  as  typical  of  Olea  ewopea  in  the 
western  United  States,  is  as  follows: 
Fw.  i6.-o«  oi  the  pdute  h^n.        On  the  upper  (ventral)  face  the  cuticle 
from  the  aataa  of  on  oUva  lens.    ia  smooth  and  tluck;  the  lateral  walls  of 
^^  the   epidermis  cells,   viewed  superficially, 

are  straiglit  and  very  much  thickened;  stomata  are  wanting  and 
peltate  hairs  (fig.  16)  are  scattered  over  the  surface.  On  the  lower 
(dorsal)  face  the  cuticle  is  similar;  the  radial  walls  of  the  epidermis 
cells  are  almost  straight,  but  not  so  much  thickened  as  on  the  upper 
face;  the  numerous  stomata  (fig.  17)  are  sunken,  with  narrow  and 
not  very  deep  air  chambers,  and  are  surrounded  by  a  variable 
number  of  unilifferentiated  epidermis  cells;  peltate  hairs  (%.  16)  ore 
abundant,  forming  a  continuous  covering  over  the  blade.  The  outer 
walls  of  the  epidermis  cells  (figs.  17  and  18)  are  very  thick  on  both 
faces  of  the  leaf  and  show  an  increase  in 
thickening  very  plainly.  On  the  dorsal 
face  they  show  many  deepenings  caused 
by  the  irregular  thickening  of  the  cell 
wall  (fig.  17).  The  inner  and  radial  cell 
walls  of  the  epidermis  are  rather  thin  as  fio.  i 
compared  with  the  outer  walls.  The  "* 
unicellular  stalks  of  the  large  shield-shaped  hairs  are  located  in  cir- 
cular cavities,  the  peltate  part  of  the  hair,  which  consistsof  numerous 
radially  arranged  cells,  resting  upon  the  outer  wall  of  the  epidermis. 
The  chlorcnchyma  is  differentiated  into  palisa<le  and  pneumatic 
tissues.  The  former  (fig.  18)  consists  of  three  compact  layers  of  very 
high  cells  containing  chlorophyll  an<l  small  needle-shaped  crystals  of 
calcium  oxalate.  It  extends  from  the  margins  of  the  blade  to  the 
midrib,  where  it  ceases,  being  broken  by  the  hypodermal  collenchyma. 
On  the  dorsal  side  of  the  blade  there  is  a  thick  pneumatic  tissue  of 
many  layers.    The  cells  which,  like  those  of  the  palisade,  contain 
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Pio.  18.— Ventral  Uiee  of  an  olive  leaf,  showing  the 
thickened  walls  of  epidermal  cells  and  palisade  oelI& 
(X  150.) 


numerous  needle-shaped  crystals  of  calcium  oxalate^  are  of  a  very 
irregular  shape  and  the  intercellular  spaces  are  very  wide  (fig.  19). 
The  pneumatic  tissue,  like  the  paUsade  tissue,  is  broken  at  the  midrib 
by  hypodermal  collenchyma. 

The  stereome  is  thick  walled  and  very  unequally  distributed.  It 
occurs  hypodermally  (immediately  beneath  the  epidermis)  as  single 
cells  or  a  few  cells  together  on 
both  faces  of  the  blade  (fig.  18), 
as  scattered  cells  in  the  col- 
lenchyma (PI.  V,  fig.  1),  and  as 
a  pericycle  of  several  continuous 
layers  in  the  midrib  (PI.  V,  fig. 
1).  It  is  characteristic  of  the 
genus  Olea  that  the  stereome 
ceUs  traverse  the  pneumatic 
tissue  in  all  directions  (fig.  19). 
The  pericylic  stereome  is  thick 
walled  only  on  the  hadrome  side 
of  the  midrib;  on  the  leptome 
side  it  is  thin  walled  with  a  very 

few  thick-walled  cells  interspersed.  The  collenchyma  (PL  V,fig.  1)  is 
hypodermal  above  and  below  the  midrib  and  extends  to  the  pericycle; 
it  is  generally  thick  waited,  especially  near  the  epidermis. 

The  mestome  strands  are,  with  the  exception  of  the  midrib  (PI.  V, 
fig.  1),  embedded  in  the  chlorenchyma,  and  all  the  lateral  strands 
are  surrounded  by  thin-walled  parenchyma  sheaths,  sometimes  with 

a  few  adjoining  stereome  cells. 
The  midrib  has  no  parenchyma 
sheath  and  no  endodermis,  but,  as 
previously  described,  it  is  surround- 
ed by  a  thick  sheath  of  stereome. 
All  the  mestome  strands  are  col- 
lateral. The  leptome  forms  an 
arch  underneath  the  shorter  but 
broader  arch  of  hadrome.  In  the 
latter,  each  double  row  of  vessels  is 
separated  from  the  next  by  a  single 
row  of  parenchyma  cells  (parenchy- 
matic  ray). 
The  petiole,  examined  at  the  characteristic  point  (where  the  mes- 
tome strands  enter  the  leaf  blade),  shows  a  hemicylindric  outline  in 
cross  section.  It  is  covered  with  shield-shaped  hairs,  as  is  the  blade, 
and  the  outer  walls  of  the  epidermis  cells  are  extremely  thick.  The 
cortex  is  a  solid  mass  of  coUenchymatic  tissue  and  contains  an  arch 
8h^>ed  collateral  mestome  strand  in  the  center.    This  mestor 
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strand  has  do  support  of  stereome  in  the  stricter  sense  of  the  word, 
but  is  simply  surrounded  by  a  small  collenchymatic  tissue.  Lep- 
tome  and  hadrome  show  the  same  structure  as  in  the  midrib  of  the 
blade. 

The  arrangement  of  the  tissues  of  the  stem  is  shown  in  Plate  V, 
figure  2.  The  cross  section  of  the  young  twig  is  quadrangular  and 
minutely  four  winged.  The  thin,  smooth  cuticle  covers  an  epidermis 
with  hairs  similar  to  those  of  the  leaf,  and  the  outer  cell  walls  are 
very  thick;  inside  the  epidermis  are  about  twelve  layers  of  cortical 
parenchyma,  collenchymatic  in  the  peripheral  layers  but  more  thin 
walled  around  the  stele.  Fhellogen  appears  in  the  outermost  layer 
of  the  cortex  and  soon  develops  several  layers  of  cork,  of  which  about 
three  develop  during  the  first  summer.     (Fig.  20.) 

There  is  no  endodermis,  but  a  stereomatic  and  very  thick-walled 
pericycle  surrounds  the  stele.  This  pericycle,  however,  is  not  con- 
tinuous, but  consists  of  many  strands  of 
stereome  separated  by  a  few  parenchy- 
matic  cells.  The  leptome  presents  a 
circular  zone  bordering  on  the  pericycle, 
and  is  separated  by  cambium  from  the 
hadrome.  The  vessels  (the  scalarifonu 
ones  especially)  are  thick  walled  and 
separated  from  each  other  by  paren- 
chymatic  rays,  each  of  a  single  row  of 
rather  thin-walled  cells.  The  cells  of 
the  pith  (which  is  solid)  have  thick 
porous  walls  and  contain  much  starch. 

As  compared  with  the  preceding  (the  Mission  variety  from  Nilee, 
Cal.),  the  unknown  variety  of  olive  of  which  material  was  collected 
in  the  orchard  at  Phoenix,  Ariz,,  is  noteworthy  for  the  extremely 
thick-walled  epidermis  on  both  faces  of  the  leaf;  thick-walled  coUen- 
chyma  extending  from  the  epidermis  to  the  pericycle  of  the  midrib; 
more  stereome  in  the  pericycle;  palisade  and  pneumatic  tissues  more 
compact  but  containing  less  stereome.  In  the  petiole  all  the  tissues 
are  extremely  thick  walled.  Cork  develops  very  early  in  the  stem, 
since  even  in  the  apical  interoode  there  are  seven  layers.  The  epi- 
dermis of  the  apical  intemode  is  extremely  thick  walled. 

The  two  unidentified  varieties  collected  in  the  abandoned  orchard 
at  Palm  Springs  appear  to  be  identical  in  anatomical  structure. 
From  the  variety  growing  at  Phoenix  they  differ  oijy  in  the  much 
narrower  midrib. 
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To  summarize:  The  leaf  and  stem  structure  of  the  olive  are  such 
as  to  protect  it  admirably  against  excessive  loss  of  water  by  trans- 
piration and  hence  adapt  it  to  growing  in  very  dry  soils  and  climates. 
The  scanty  evidence  here  presented  would  seem  to  indicate  that  the 
considerable  difference  in  aridity  represented  by  the  two  environ- 
ments at  Niles  (where  the  average  yearly  rainfall  is  14.8  inches,  where 
moisture-laden  winds  blow  in  from  the  ocean,  and  where  occasional 
irrigation  is  given)  and  of  Palm  Springs  (where  the  average  yearly 
rainfall  is  only  3.5  inches,  where  the  air  is  excessively  dry,  and  where 
the  trees  had  received  no  irrigation  for  seven  years)  has  a  distinct, 
though  comparatively  slight,  effect  upon  the  anatomical  structure 
of  this  plant,  for  even  at  Niles  the  olive  exhibits  in  a  high  degree  the 
characteristics  of  a  xerophytic  plant. 
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DEBC&IPTION  OF  PLATES. 

Plate  I.  Fig.  1. — One  of  the  larger  olive  trees  on  the  Bogart-Degolia  plantation 
near  Casa  Grande,  Ariz.  Fig.  2. — Olive  trees  in  the  ''L4lb  Palmas''  section,  near 
Phoenix,  Ariz.,  after  six  years  of  neglect  and  lack  of  water. 

Plate  II.  Fig.  1. — View  in  the  Florence,  Ariz.,  olive  grove,  about  16  years  old,  which 
has  had  no  irrigation  for  the  past  six  years.  At  the  left,  dead  apricot  and  almond 
trees  of  the  same  age;  at  the  right,  olive  trees  in  vigorous  condition.  Fig.  2.— 
Interior  view  in  the  grove  shown  in  figure  1,  showing  a  fine  growth  but  thinner 
foliage  than  in  the  outer  row  shown  in  figure  1,  due  to  the  crowding  of  the  trees. 

Plate  III.  Fig.  1. — View  in  the  Pope  olive  plantation,  near  Palm  Springs,  Cal.,  after 
six  years  of  neglect.  Mean  annual  rain^U  only  3}  inches.  Fig.  2. — One  of  the 
larger  trees,  8  feet  high,  in  the  Pope  olive  plantation,  showing  the  low  habit  of 
growth  and  the  protection  of  the  trunk  and  main  branches  from  heat  by  a  canopy 
of  foliage. 

Plate  IV.  Fig.  1. — Characteristic  burl  at  the  base  of  an  olive  tree  on  the  Pope  olive 
plantation,  near  Palm  Springs,  Cal.  Fig.  2. — Feeding  rootlets,  natural  size,  from 
6  inches  in  depth,  on  the  same  plantation  shown  in  figure  I. 

Plate  V.  Fig.  1. — Cross  section  of  the  midrib  of  the  leaf  of  Olea  europea  (Mission 
variety),  showing  the  epidermis,  palisade  tissue,  massively  developed  coUen- 
chyma,  pericyclic  stereome,  hadrome,  leptome,  and  pneumatic  tissue.  Mag- 
nified 180  times.  Fig.  2. — Cross  section  of  one  of  the  apical  internodes  of  the 
stem,  showing  the  epidermis,  hypodermal  coUenchyma,  stereome  ring,  leptome, 
hadrome,  and  pith.    Magnified  112  times. 

Plate  VI.  Fig.  1. — View  in  a  500-acre  olive  plantation  in  southern  Los  Angeles 
County,  near  La  Mirada,  Cal.,  grown  without  irrigation.  The  planting  distance 
of  20  feet  each  way  is  much  too  close  for  the  full  development  of  the  trees. 
Fig.  2. — View  in  a  different  part  of  the  plantation  shown  in  figure  1,  where  the 
trees  have  been  thinned  by  removing  alternate  diagonal  rows.  The  conditions 
are  consequently  much  improved. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  C,  July  19, 1910. 

Sir:  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  as  Bulletin  No.  193  of  the  series  of  this  Bureau  a  manu- 
script by  Mr.  Frederick  V.  Coville,  Botanist  in  Charge  of  Taxonomic 
and  Kange  Investigations,  entitled  "  Experiments  in  Blueberry  Cul- 
ture." Mr.  Coville  has  found  by  experiment  how  blueberries  differ 
from  ordinary  plants  in  their  method  of  nutrition  and  in  their  soil 
requirements,  and  by  means  of  this  knowledge  he  has  worked  out  a 
system  of  pot  culture  under  which  these  plants  attain  a  development 
beyond  all  previous  expectations.  There  is  good  prospect  that  the 
application  of  the  knowledge  thus  gained  will  establish  the  blue- 
berry in  field  culture  and  that  ultimately  improved  varieties  of  these 
plants  will  be  grown  successfully  on  a  commercial  scale. 

A  particularly  interesting  and  significant  feature  of  these  experi- 
ments is  the  light  they  shed  on  the  possible  utilization  of  the  natu- 
rally acid  lands  that  occupy  extensive  areas  in  the  eastern  United 
States.  These  lands  are  generally  valued  at  a  low  price,  and  the 
chief  expense  involved  in  their  utilization  for  ordinary  agricultural 
crops  is  the  cost  of  correcting  their  acidity  and  its  effects  by  liming, 
fertilizing,  and  cultural  manipulation.  The  question  presents  itself, 
••May  we  not  more  effectively  utilize  such  lands  by  growing  on  them 
crops  which,  like  the  blueberry,  thrive  in  acid  soils  ?  " 

Some  of  the  experimental  methods  and  equipment  utilized  by  Mr. 
Coville  are  commended  to  other  plant  experimenters,  especially  the 
use  of  darkened  and  drained  glass  pots  for  the  intimate  observation 
of  the  behavior  of  roots,  and  the  plunging  of  pots  in  moist  sand  to 
maintain  equable  moisture  and  aeration  conditions. 
Respectfully, 

Wm.  a.  Ta^'lor, 
Acting  Chief  of  Bureau, 

Hon.  Ja^ies  Wilson, 

Secretary  of  Agriculture. 
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From  the  evidence  at  hand  the  presumption  is  that  the  mycor- 
rhizal  fungus  of  the  swamp  blueberry  transforms  the  nonavail- 
able  nitrogen  of  peaty  soils  into  a  form  of  nitrogen  available 
for  the  nourishment  of  the  blueberry  plant 

It  is  possible  that  the  mycorrhizal  fungus  of  tlie  swamp  blue- 
berry transforms  the  free  nitrogen  of  the  atmosphere  into  a 
form  of  nitrogen  suited  to  the  use  of  the  blueberry  plant 

pot  culture 

Seeds  of  the  swamp  blueberry  sown  in  August  from  fresh  berries 
germinate  in  about  5  weeks 

The  seedlings  are  first  transplanted  at  the  age  of  about  6  weeks, 
when  they  are  approaching  an  inch  in  height 

When  about  10  weeks  old  and  nearly  2  inches  in  height  the 
seedlings  begin  to  send  out  basal  branches 

When  the  seedlings  are  about  4  months  old  and  about  3  inches 
in  height  the  growth  of  the  original  stem  terminates 

When  the  plants  are  about  5  months  old  and  4  to  6  inches  in 
height  they  are  potted  in  4-inch  pots  in  the  best  peat  or  peat 
mixture 

Blueberry  plants  jwtted  in  peat  may  be  made  to  grow  more  rap- 
idly if  they  are  watered  occasionally  during  the  growing  season 
with  water  from  a  manure  pit 

Pots  contaming  blueberry  plants  should  be  plunged  in  sand  or 
other  material  that  will  furnish  constant  moisture  and  good 
aeration 

Plants  of  the  swamp  bluel)erry  sometimes  lay  down  flowering 
buds  at  the  age  of  7  months 

In  the  spring  after  the  danger  of  frost  was  past  the  plants  were 
repotted  and  placed  out  of  doors,  in  half  shade,  plunged  in 
sand 

By  the  use  of  the  cultural  methods  already  described,  seedlings 
of  the  swamp  blueberry  have  been  grown  into  robust  plants 
of  a  maximum  height  of  27  inches  at  12  months  from  germi- 
nation   

The  flowering  buds  of  the  blueberry  are  produced  by  the  trans- 
formation of  dormant  leaf  buds  in  the  latter  part  of  the  season. 

At  the  end  of  their  first  year  70  per  cent  of  the  blueberry  plants 
had  laid  down  flowering  buds  for  the  next  spring's  blossoming. 

Plants  of  the  swamp  blueberry  are  exceedingly  hardy  and  pass 
the  winter  in  good  condition  outdoors  when  the  soil  is  covered 
merely  with  an  oak-leaf  mulch,  but  when  not  exposed  to  out- 
door conditions  they  do  not  begin  their  growth  in  spring  in  a 
normal  manner 

•Dormant  plants  make  their  early  spring  twig  growth  before  new^ 
roots  begin  to  develop 

Unless  pollinated  by  an  outside  agency,  such  as  insects,  the 
flowers  produce  little  or  no  fruit 

The  fruit  matures  about  2  months  after  the  flowering 

So  far  as  observed,  the  swamp  blueberry  when  grown  in  acid 
soils  is  little  subject  to  fungous  diseases  or  insect  pests 
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EXPERIMENTS  IN  BLUEBERRY  CULTURE. 


INTBODUCTION. 

In  the  grounds  of  the  Smithsonian  Institution  al  Washington  are 
two  blueberry  bushes  of  large  size  and  great  age.  The  taller  is  about 
9  feet  high.  The  largest  stem  is  nearly  3  inches  in  diameter.  It  is 
known  that  these  bushes  were  growing  prior  to  1871,  thirty-nine  years 
ago,  and  all  the  evidence  indicates  that  they  were  planted  at  a  much 
earlier  date.  They  are  probably  over  50  years  old.®  In  the  Arnold 
Arboretum,  near  Boston,  are  many  blueberry  bushes  30  years  old 
or  more,  grown  from  the  seed  by  Mr.  Jackson  Dawson  or  trans- 
planted from  their  wild  habitats  prior  to  1880. 

The  two  cases  here  cited  demonstrate  the  fallacy  of  the  popular 
idea  that  the  blueberry  can  not  be  transplanted  or  cultivated.  This 
idea  rests  on  the  unsuccessful  experience  of  those  who  have  taken  up 
wild  bushes  and  set  them  in  a  rich,  well-manured  garden  soil.  These 
are  exactly  the  conditions,  as  shown  by  experiments  described  in  this 
publication,  under  which  blueberry  plants  become  feeble  and  unpro- 
ductive. 

Four  agricultural  experiment  stations,  those  of  Maine,  Rhode 
Island,  New  York,  and  Michigan,  have  attempted  to  grow  the  blue- 
berry as  a  fruit,  but  none  of  these  attempts  has  resulted  in  the  com- 
mercial success  of  blueberry  culture,  and  the  experimental  results 
have  been  chiefly  of  a  negative  character.  This  outcome  appears  to 
have  been  due  to  a  misunderstanding  of  the  soil  requirements  of  the 
blueberry,  which,  as  will  be  shown  later,  are  radically  different  from 
those  of  our  common  cultivated  plants. 

•The  plants  are  Taccinium  airococcum,  a  species  closely  related  to  Vaccinium 
eorymhftsum,  the  well-known  swamp  or  high  bush  blueberry  of  the  Northern 
States.  In  a  list  of  the  trees  and  shrubs  of  the  Smithsonian  jrrounds  prepared 
hy  Arthur  Schott  in  1871,  these  bushes  are  included,  but  Identified,  however, 
M  Vacciniutn  fuscatum.  The  late  Mr.  George  H.  Brown,  for  more  than  a  gen- 
eration the  superintendent  of  planting  in  the  parks  of  Washington,  also  as- 
iDPed  the  writer  that  these  plants  were  not  set  out  since  he  first  became 
responsible  for  the  Smithsonian  grounds,  in  1871.  The  present  plan  of  the 
froands  was  made  by  Mr.  Andrew  J.  Downing,  but  the  actual  planting  was  not 
done  until  after  his  death,  in  1852.  It  is  possible  that  the  blueberry  bushes 
may  have  been  set  out  as  early  as  1848,  in  which  year  a  partial  planting  of  the 
Smithsonian  grounds  was  made  by  Mr.  John  Douglass. 
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EXPERIMENTS  IN  BLUEBERRY  CULTURE. 


In  the  Boston  market  there  is  a  wide  variation  in  the  wholesale 
price  of  blueberries.  Shipments  begin  in  early  June  from  North 
Carolina,  followed  in  the  latter  part  of  the  month  by  blueberries  from 
Pennsylvania,  New  Jersey,  and  New  York.  In  early  July,  or  in 
some  years  in  the  last  days  of  June,  Massachusetts  and  New  Hamp- 
shire shipments  begin  to  arrive,  succeeded  in  late  July  or  early 
August  by  berries  from  Maine,  Nova  Scotia,  and  New  Brunswick. 
Receipts  from  these  last  two  localities  continue  until  late  September. 
The  blueberries  that  bring  the  highest  price  are  those  from  Massa- 
chusetts and  New  Hampshire.  At  the  time  when  other  berries  are 
selling  at  8  to  15  cents  per  quart  wholesale,  the  first  shipments  of 
New  Hampshire  berries  often  bring  20  to  23  cents. 

The  owner  of  a  blueberry  pasture  in  southern  New  Hampshire 
who  superintended  the  picking  of  his  own  berries  and  shipped 
them  to  one  of  the  secondary  New  England  cities  has  courteously 
shown  his  shipment  records,  from  which  the  following  data  have 
been  compiled: 


Records  of  shipments  from  a  blueberry  pasture  in  southern  New  Hampshire, 

1905-1009. 


Year. 


190). 
1906. 
1907. 
1908. 
1909. 


Date  of  shipment. 


July  1  to  Aug.  14. . 
July  17  to  Aug.  15. 
July  20  to  Aug.  15. 
June  29  to  Aug.  15. 
July  15  to  Aug.  16. 


Total 
ship- 
ments. 


Quarts. 
2,233 
2,756 
2.538 
3,602 
1,255 


Highest  and 
lowest  price 
per  quart,  o 


Cents. 
124  to   8 

15  to   8 
141  to  11 

16  to   9k 
14   to   9 


ATerage 

price  per 

quart,  o 


Cenit. 
10.7 
9.6 
1Z2 

las 

10.7 


«  This  is  the  net  price  that  the  shipper  received  after  deducting  express  charges. 

The  average  net  price  for  the  five  years  was  10.8  cents  per  quart. 
The  record  indicates  the  substantial  returns  that  are  secured  from 
ordinary  wild  berries  picked  and  sent  to  market  in  rather  better  than 
ordinary  condition. 

That  the  market  would  gladly  pay  a  high  price  for  a  cultivated 
blueberry  of  superior  quality  there  can  be  no  doubt.  From  the 
market  standpoint  the  features  of  superiority  in  a  blueberry  are  large 
size;  light-blue  color,  due  to  the  presence  of  a  dense  bloom  over  the 
dark-purple  or  almost  black  skin ;  "  dryness,"  or  freedom  from  super- 
ficial moisture,  especially  the  fermenting  juice  of  broken  berries; 
and  plumpness,  that  is,  freedom  from  the  withered  or  wrinkled  ap- 
pearance that  the  berries  begin  to  acquire  several  days  after  picking. 
While  the  connoisseur  in  blueberries  who  picks  his  own  fruit  knows 
the  widely  varjung  flavors  in  the  berries  of  different  bushes,  the  buyer 
in  the  city  market  is  content  to  select  his  fruit  according  to  its  ap- 
pearance, knowing  that  the  flavor  will  be  good  enough  in  any  event 
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The  size  of  the  seed  gives  the  buyer  in  New  England  markets  very 
little  concern,  for  there  the  name  blueberry  is  restricted  to  plants  of 
the  genus  Vaccinium,  all  of  which  have  seeds  so  small  as  to  be  unno- 
ticeable  when  the  berry  is  eaten,  while  the  name  huckleberry  is  applied 
with  nearly  the  same  precision  to  the  species  of  the  genus  Gaylus- 
sacia,  in  which  the  seed  is  surrounded  by  a  bony  covering  like  a 
minute  peach  pit,  which  crackles  between  the  teeth.  In  southern  cities 
the  fruits  of  both  Vaccinium  and  Gaylussacia  are  called  huckleberries, 
and  it  is  probable  that  the  low  estimation  in  which  the  fruit  of  Vac- 
cinium is  there  held  is  largely  due  to  the  lack  of  a  distinctive  popular 
name.  To  distinguish  the  two  berries  by  their  appearance  is  difficult 
for  any  but  an  expert,  for  while  huckleberries  are  mostly  black  and 
blueberries  mostly  blue,  some  of  the  blueberries,  or  species  of  Vac- 
cinium, are  black,  and  some  of  the  huckleberries  are  blue,  notably 
Gaylussacia  frondosa^  a  species  often  abundant  in  the  sandy  soils  of 
the  Atlantic  Coastal  Plain,  which  has  a  large,  handsome  berry  of  a 
beautiful  light-blue  color  and  passable  flavor,  but  with  the  disagree- 
ably crackling  seed  pits  characteristic  of  the  other  true  huckleberries. 

The  blueberry  withstands  the  rough  treatment  incident  to  ship- 
ment so  much  better  than  most  other  berries  that  with  proper  han- 
dling it  should  always  reach  the  market  in  first-class  condition. 
But  its  good  shipping  qualities  are  often  abused,  and  the  fruit  not 
infrequently  is  exposed  for  sale  partly  crushed  and  the  berries  cov- 
ered with  soured  juice  and  made  further  offensive  by  the  presence  of 
flies.  This  is  the  prevailing  condition  of  blueberries  and  huckle- 
berries in  the  markets  of  Washington,  in  striking  contrast  with  the 
dry,  plump  berries  of  the  Boston  market.  This  bad  condition  is  due 
usually  to  improper  picking. 

The  small  size  of  the  blueberry,  compared  with  other  berries,  ren- 
ders the  picking  of  it  expensive.  The  owners  of  blueberry  pastures 
commonly  pay  two-thirds  the  net  price  of  the  berries  to  their  pickers. 
In  order  to  reduce  the  cost  of  picking,  various  devices  have  been 
employed.  The  most  widely  used  of  these  is  an  implement  known 
as  a  blueberry  rake,  a  scoop  shaped  somewhat  like  a  deep  dustpan, 
provided  in  front  with  a  series  of  long,  pointed  fingers  of  heavy  wire. 
With  this  implement  an  ordinary  picker  in  the  blueberry  canning 
dttricts  of  Maine,  for  example,  gathers  f3  to  5  bushels  a  day,  for 
which  he  receives  IJ  to  2  cents  per  quart.  Blueberries  can  be  picked 
with  a  rake  at  about  a  fourth  the  cost  of  picking  by  hand.  For  this 
reason  many  of  the  berries  that  go  to  market  are  picked  with  a 
rake,  and  it  is  these  berries  which,  broken  and  fermenting,  make 
up  the  greater  part  of  the  low-grade  stock  so  offensive  to  the  eye 
and  the  taste.  Blueberries  intended  for  the  market  should  never  be 
picked  with  a  rake. 
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What  has  been  said  regarding  the  high  cost  of  picking  ordinary 
blueberries  by  hand  indicates  the  importance  of  securing  a  berry  of 
large  size  if  the  plant  is  to  be  cultivated.  Large  size  and  abundance 
mean  a  great  reduction  in  the  cost  of  picking.  Large  size  means 
also  a  higher  market  price,  and  when  taken  in  connection  with  good 
color  and  good  market  condition  it  means  a  much  higher  price. 

The  writer's  interest  was  attracted  to  the  subject  of  blueberry  cul- 
ture in  1906.  In  the  autumn  of  that  year  some  experiments  were 
made  for  him  by  Mr.  George  W.  Oliver  to  ascertain  a  suitable  method 
of  germinating  the  seeds.  In  the  autumn  of  1907  special  cultural  ex- 
periments were  taken  up.  In  1908  experiments  were  begun  in  the 
propagation  of  bushes  bearing  berries  of  large  size,  the  most  satis- 
factory of  these  being  a  New  Hampshire  bush  of  the  swamp  blueberry 
{Vaccinium  corymbosum)  having  berries  a  little  more  than  half  an 
inch  in  diameter.  The  largest  berries  tried,  a  little  more  than  five- 
eighths  of  an  inch  in  diameter,  were  from  Oregon  bushes  of  Vac- 
dnium  membranaceum.  Except  where  otherwise  stated,  the  experi- 
ments described  in  this  paper  were  made  with  Vaccinium  corym- 
hosunu  The  principal  results  of  the  experiments  are  given  under 
brief  numbered  statements,  each  followed  by  a  detailed  explanation. 

-*  h 

PECiqi^^IABITIES  OF  GBOWTH  IN  THE  BLUEBEBBY  PLANT. 

SOIL   REQUIREMENTS. 

(1)  The  swamp  blttebebby  does  not  thrive  in  a  bich  garden  boil  of  the 
ordinary  type. 

Although  the  statement  just  made  might  well  rest  on  the  direct 
observation  of  experimenters  who  have  failed  to  make  blueberries 
grow  luxuriantly,  or  sometimes  even  remain  alive,  in  rich  garden 
soils,  nevertheless  the  citation  of  one  of  the  writer's  experiments  may 
serve  to  accentuate  the  fact.  The  soil  chosen  for  the  purpose  was  the 
one  used  at  the  United  States  Department  of  Agriculture  for  grow- 
ing roses.  A  sample  of  this  soil,  as  mixed  by  the  rose  gardener,  con- 
sisted, according  to  his  specifications,  of  "  five  shovelfuls  of  loam,  one 
shovejful  of  cow  manure,  and  a  handful  of  lime."  The  loam  used 
was  a  rotted  grass  turf  grown  on  a  rather  clayey  soil.  The  cow 
manure  was  well  rotted,  having  lain  in  the  pile  for  several  months, 
with  almost  no  admixture  of  straw.  The  lime  was  of  the  ordinary 
air-slaked  sort. 

The  pots  used  in  the  experiment  were  of  glass,  small  5-ounce  drink- 
ing glasses,  about  2  inches  in  diameter  at  the  bottom,  2^  at  the  top, 
and  2  J  inches  deep.  A  small  hole  bored  through  the  bottom  gave  the 
necessary  drainage  to  the  soil  in  the  pot.  Since  the  walls  of  these 
pots  were  transparent,  the  normal  growth  of  the  roots  and  the  pre- 
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vention  of  an  obscuring  green  growth  of  microscopic  alga  required 
some  arrangement  for  keeping  the  light  away.  This  was  accom- 
plished either  by  sinking,  or,  as  gardeners  say,  "  plunging,"  the  pots 
nearly  to  the  rim  in  sand,  moss,  or  soil,  or,  when  the  pots  were  not 
plunged,  by  fitting  closely  to  the  outside  of  each  a  removable  cuff,  as 
it  were,  made  of  the  opaque  gray  blotting  paper  used  in  pressing 
specimens  of  plants.  The  use  of  a  pot  with  transparent  walls  was 
found  to  be  of  very  great  importance  in  the  study  of  these  plants,  for 
plants  identical  in  appearance  so  far  as  the  parts  above  ground  were 
concerned  sometimes  showed  the  most  pronounced  differences  in  the 
growth  and  behavior  of  the  roots,  differences  which  otherwise  would 
not  have  been  observed  but  which  were  in  reality  responsible  for  the 
con2)picuous  changes  that  later  took  place  in  the  growth  of  the  stems 
and  leaves.  The  use  of  such  glass  pots,  drained  and  darkened,  is 
strongly  recommended  to  plant  experimenters  who  use  pot  cultures, 
as  they  afford  a  means  of  acquiring  easily  an  intimate  knowledge  of 
the  great  variations  in  the  behavior  of  the  feeding  organs,  the  roots, 
under  different  conditions. 

On  December  22,  1908,  six  glass  pots  were  filled  with  the  garden 
soil  described  above,  and  a  seedling  blueberry  about  an  inch  in  height 
was  transplanted  into  each.  The  seed  bed  from  which  the«ee^ings 
were  taken  had  been  allowed  to  become  partially  dry.Jjpore  the 
transplanting  was  done.  In  this  condition  there  was  no  difficulty  in 
removing  all  of  the  sandy  soil  adhering  to  the  roots  of  a  seedling,  so 
that  after  it  was  transplanted  it  must  derive  its  soil  nourishment 
from  the  new  soil  exclusively.  In  potting,  the  roots  of  the  plant 
were  laid  against  the  glass  on  one  side  of  the  pot  so  that  their 
behavior  could  be  observed  from  the  very  first. 

A  transplanting  of  six  other  plants  was  then  made,  similar  in  all 
respects  to  the  first  except  that  the  soil  used  was  a  peat  mixture  known 
frtMn  earlier  experiments  to  be  productive  of  vigorous  growth  in 
blueberry  plants.  The  exact  character  of  this  soil  will  be  discussed 
later  in  this  publication. 

This  peaty  blueberry  soil  is  ill  suited  to  the  growth  of  ordinary 
plants,  while  in  the  garden  soil  ordinary  plants  flourish  luxuriantly. 
In  order  to  bring  out  this  fact  clearly  by  an  experiment  six  glass  pots 
containing  this  garden  soil  were  planted  with  five  alfalfa  seeds  each, 
and  six  more  with  one  rooted  rose  cutting  each.  An  identical 
planting  was  made.in  twelve  pots  of  blueberry  soil. 

Average  examples  of  the  growth  that  took  place  in  these  plantings 
are  shown  in  figures  1  to  6,  reproduced  from  drawings  carefully  made 
from  actual  photographs.  In  the  garden  soil  the  rooted  rose  cut- 
ting, which  was  of  the  variety  known  as  Cardinal,  made  vigorous 
growth  of  both  root  and  stem,  and  in  forty-four  days,  when  the 
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photograph  was  taken,  had  about  quadrupled  its  leaf  surface.  In  the 
blueberry  soil  the  cutting  was  barely  alive,  the  roots  it  had  at  the 
time  it  was  potted  were  nearly  all  dead,  no  new  stem  growth  had  been 
made,  and  the  leaflets  it  bore  were  only  those  still  persisting  froiu 
the  parent  plant. 

The  alfalfa  seeds  began  to  germinate  in  both  soils  in  three  daj^ 
At  the  end  of  a  week  a  distinct  difference  in  the  color  of  the  plant' 
was  discernible.  In  the  blueberry  soil  the  seed  leaves  were  darkei 
green  in  color,  the  midrib,  which  shows  on  the  back  of  the  leaf,  waj 


Fio.  1. — Roso  cutting?  in  rich  garden  soil. 
(One-lialf  natural  size.) 


Fig.  2. — Rose  catting  in  peat  m! 
ture.     (One-half  natural  slse.) 


purple,  the  stem  was  purple,  and  in  some  of  the  seed  leaves  the  who: 
under  surface  was  purple.  In  the  garden  soil  the  seed  leaves  wei 
lighter  green  in  color,  and  in  only  a  few  were  the  stems,  and  in  sti 
fewer  the  midribs,  somewhat  purplish.  At  the  end  of  forty-four  daj^ 
when  the  pliotographs  reproduced  in  figures  3  and  4  were  taken,  tl 
alfalfa  plants  in  the  garden  soil  were  8  inches  in  height  and  vigorou 
while  the  soil  was  crowded  with  roots  on  which  nitrogen  tubercb 
had  already  begun  to  develop.  In  the  blueberry  soil  the  plants  wei 
small  leaved  and  sickly,  about  a  third  the  height  of  the  others,  an 
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the  roots  though  long  were  slender  and  otherwise  weak  and  bore  no 
luberclea. 

In  the  case  of  the  blueberry  plants  the  relative  growth  in  the  two 
soils  took  exactly  the  opposite  course.  At  the  end  of  the  first  week  new 
root  growth  had  begun  in  all  the  pots  containing  blueberry  soil,  while 
iu  thot*  containing  garden  soil  new  root  growth  was  apparent  in  only 
one.  At  the  end  of  forty-four  days  vigorous  root  growth  had  taken 
place  in  the  blueberry  soil  pots,  and  stem  growth,  which  had  been 
inlernipte<l  at  the  time  of  transplanting,  was  well  under  way  again, 
fn  the  garden  soil,  however,  almost  no  root  growth  was  discernible, 
the  old  leaves  were  strongly  purpled  and  stem  and  leaf  growth  had 
not  lieen  resumed.  Little  attention  was  paid  to  these  cultures  during 
the  summer  of  19(K),  but  the  relative  condition  of  the  two  is  fairly 


illustrateil  in  figures  5  and  6,  from  photographs  taken  November  22, 
l!»f»0.  after  the  leaves  had  fallen.  The  garden-soil  pot  contained  only 
a  few  stray  roots,  and  the  slender  stems  were  only  2  inches  high. 
The  pot  containing  blueberry  soil  was  filled  with  a  dense  mass  of 
roots,  and  although  the  plant  had  not  been  repotted  when  it  needed 
repotting,  the  largest  stem  was  nevertheless  11  inches  long  and  the 
weight  of  that  part  of  the  plant  above  ground  was  fifty-one  times 
that  of  the  corresponding  part  of  the  garden-soil  plant. 
(!)  The  swamp  blitebebiy  does  sot  thrive  ib  a  heavily  manured  soil. 

In  May.  IJKM),  two  healthy  and  vigorous  blueberry  seedlings  were 

sent  for  trial  to  one  of  the  agricultural  experiment  station*.     They 

Were  set  out  in  a  soil  that  was  known  to  be  suitable  for  the^e  plants, 

for  old  blueberry  bushes  had  been  growing  there  for  several  years. 
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The  man  who  put  the  blueberry  seedlings  in 
the  ground,  however,  misunderstanding  the 
directions  sent  him,  filled  in  the  holes  in  which 
he  set  the  plants  with  alternate  layers  of  soil 
and  well-rotted  stable  manure.  The  writer  ex- 
amined the  plants  on  August  27,  1909,  when 
they  should  have  been  either  growing  vigor- 
ously or,  with  mature  foliage,  ripening  their 
wood  for  the  winter.  Instead  they  had  lost 
nearly  all  their  older  leaves  though  still  main- 
taining a  feeble  and  spindling  growth  at  the 
ends  of  the  larger  stems.  The  adjacent  old 
bushes  growing  in  precisely  the  same  soil,  ex- 
cept that  it  had  not  received  the  heavy  appli- 
cation of  manure,  bore  at  the  same  time  vigor- 
ous dark-green  foliage  and  were  ripening  the 
wood  of  their  stout  twigs  and  laying  down 
their  flowering  buds  for  the  following  year. 
The  manured  plants  when  dug  up  and  exam- 
ined showed  no  new  root  growth  whatever  in 
the  manured  soil  outside  the  old  earth  ball,  and 
most  of  the  roots  on  the  surface  of  the  ball 
itself  were  dead. 

Another  experiment  may  be  cited  to  show 
the  injurious  effect  of  heavy  manuring.  On 
December  22,  1908,  six  blueberry  seedlings  were 
transplanted  into  as  many  glass  pots  in  a  good 
blueberry  soil,  and  six 
other  seedlings  were 
potted  in  the  same 
manner,  except  that  to 
each  two  parts  of  blue- 
berry soil  one  part  of 
well-rotted  but  un- 
leached  cow  manure 
was  added.  At  first 
the  manured  plants 
appeared,  superficially, 
to  be  doins:  better  than 
those  not  manured,  for 
in  the  former  the  pro- 
duction of  new  leaves 
and  the  continued 
growth  of  the  stem  tip 
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Fig.  5.— Bluebprry  seedling  Fig.  6.— Bluel>erry  seedll 
In  rich  garden  soil.  (One-  in  peat  mixture.  (Oi 
half  natural  size.)  half  natural  alae.) 
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were  not  interrupted  by  the  potting,  while  in  the  plants  not  manured 
there  was  a  temporary  but  definite  stopping  of  stem  growth  imme- 
diately after  the  potting.  The  apparent  superiority  of  growth  in  the 
manured  plants,  above  ground,  continued  for  about  three  weeks.  Be- 
low ground,  the  roots  of  the  two  cultures  showed  directly  opposite 
results.  In  the  plants  without  manure,  new  root  growth  began  a  few 
days  after  potting.  At  the  end  of  three  weeks  the  development  of  an 
extensive  root  system  was  well  under  way  and  the  plants  were  nearly 
ready  for  a  period  of  vigorous  stem  growth.  In  the  manured  plants, 
however,  either  no  root  growth  took  place  or  only  a  slight  amount, 
the  new  rootlets  being  fewer,  shorter,  and  stouter  than  in  normal 
plants.  The  old  rootlets  turned  brown  and  appeared  to  be  dead  or 
dying.  (See  p.  64.)  At  the  end  of  five  weeks  the  growth  of  the 
tops  was  very  slow.  About  ten  days  later,  on  February  6,  a  bright 
warm  day,  the  lower  leaves  on  three  plants  withered,  and  within  a 
few  weeks  all  six  of  the  manured  plants  were  dead. 

(3)  The  SWAMP  blueberry  does  not  thrive  in  a  soil  made  sweet  bt  lime. 

In  its  natural  distribution  the  blueberry,  like  almost  all  plants 
of  this  and  the  heather  family,  avoids  limestone  soils.  The  fertile 
limestone  areas  of  western  New  York,  of  Ohio,  of  Kentucky,  and 
of  Tennessee  lack  the  blueberry,  the  huckleberry,  the  laurel  {Kalmia 
htifolid)^  and  the  trailing  arbutus  {Epigaea  repem).  The  State 
of  Alabama,  as  described  by  Charles  Mohr  in  volume  6  of  Contri- 
butions from  the  United  States  National  Herbarium,  is  traversed 
from  east  to  west  in  the  general  latitude  of  Montgomery  by  a  strip 
of  dark  calcareous  soil,  35  to  45  miles  in  width,  the  so-called  "  black 
belt,''  which  constitutes  the  great  agricultural  region  of  the  State. 
The  noncalcareous  areas  north  and  south  of  this  strip  have  in  their 
forests  a  characteristic  undergrowth  of  blueberries  and  closely  re- 
nted plants,  including  huckleberries,  farkleberries,  and  deerberries. 
In  the  intermediate  belt  of  black  limestone  soil,  just  described,  the 
pbnts  of  blueberry  relationship  are  almost  wholly  wanting. 

In  an  article  entitled  "The  Soil  Preferences  of  Certain  Alpine 
tnd  Subalpine  Plants,"*  Mr.  M.  L.  Fernald  discusses  the  natural 
distribution  of  over  250  species  of  plants  found  in  the  cold  parts 
of  the  northeastern  United  States  and  Canada.  All  the  blueberries 
be  enumerates,  five  species,  avoided  calcareous  soils,  and  the  other 
plants  of  the  blueberry  and  heather  families  almost  without  excep- 
tion occurred  likewise  on  noncalcareous  formations. 

The  writer^s  own  experiments  in  growing  blueberries  in  limed 
3oils  have  not  proceeded  with  the  same  smoothness  as  some  of  his 
other  experiments,  but  the  results,  though  at  first  misleading,  have 
;Bnifonnly  been  exceedingly  instructive,  though  not  always  in  the 
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direction  originally  contemplated,  and  in  the  end  have  been  fully 
conclusive. 

On  May  26,  1908,  six  blueberry  seedlings  were  potted  in  six  14- 
ounce  drinking  glasses  in  a  good  peaty  blueberry  soil,  in  which, 
however,  1  per  cent  of  air-slaked  lime  <»  had  been  mixed  immediately 
before  the  potting  was  done.  Six  other  plants  were  similarly  potted, 
but  without  the  addition  of  lime.  The  unlimed  plants  grew 
normally.  The  younger  leaves  of  the  limed  plants,  however,  began 
to  wilt  the  same  day  on  which  they  were  potted.  On  June  1  all 
the  leaves  on  all  six  plants  were  withered,  though  parts  of  the  steins 
were  still  green  and  plump.  The  leaves  did  not  turn  purplish  or 
yellowish,  as  is  usual  with  sickly  blueberry  plants,  but  either  re- 
tained their  green  color  after  withering  or  turned  brown.  No  new 
root  growth  took  place  in  any  of  the  limed  pots,  and  by  July  10  all 
the  plants  were  dead. 

Another  series  of  six  plants,  also  potted  on  May  26,  1908,  but  in 
a  sterile  soil  containing  no  peat,  by  accident  received  a  very  small 
amount  of  lime.  Most  of  the  leaves  on  these  plants  withered  during 
the  first  few  days,  but  the  plants  subsequently  recovered  and  made 
as  good  growth  as  could  have  been  expected  from  the  general  char- 
acter of  their  soil. 

From  these  experiments  the  writer  concluded  that  the  blueberry 
was  exceedingly  sensitive  to  lime  and  that  the  slightest  admixture 
of  it  in  the  soil  would  be  immediately  fatal  to  the  life  or  at  least 
the  health  of  a  blueberry  plant.  This  conclusion,  however,  was 
erroneous,  as  subsequent  experience  showed.  This  first  experiment 
may  therefore  be  dismissed  with  the  explanation  that  in  all  proba- 
bility the  immediate  collapse  of  the  plants  was  due  to  a  caustic  effect 
of  the  lime  used.  In  none  of  the  later  lime  experiments  did  this 
immediate  collapse  occur  and  in  none  was  the  lime  so  applied  that 
it  came  into  contact  with  the  blueberry  roots  while  in  a  caustic 
condition. 

Still  laboring  under  an  erroneous  conception  of  the  supersensi- 
tiveness  of  the  blueberry  plant  to  minute  quantities  of  lime,  the 
writer,  desiring  to  produce  fresh  examples  of  this  phenomenon,  in 
Xovember,  1908,  placed  a  very  small  quantity,  a  few  milligrams,  of 
air-slaked  lime  on  the  surface  of  the  soil  in  each  of  three  2-inch 
pots  containing  a  small  blueberry  plant.  No  effect  was  produced 
either  at  first  or  for  several  weeks.  On  December  19,  1908,  a  large 
surface  application  of  carbonate  of  lime  was  made  to  the  same  three 
plants,  a  gram  to  each  pot,  and  the  lime  was  washed  down  with 
water.  The  expected  collapse  did  not  occur.  The  limed  plants  con- 
tinued to  grow  as  luxuriantly  as  their  unlimed  neighbors.     The  con- 

<»  Computed  on  tbe  dry  weight  of  the  soil. 
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dosion  was  reached  that  the  reason  why  the  growth  of  the  plants  had 
not  been  affected  was  because  the  lime  had  not  penetrated  sufficiently 
into  the  soil.  Another  and  more  drastic  experiment  was  therefore 
determined  upon. 

On  March  10,  1909,  six  blueberry  plants  in  4-inch  pots  containing 
a  good  blueberry  soil  were  set  apart  from  their  fellows  and  watered 
with  ordinary  limewater,  a  saturated  solution  of  calcium  oxid,  1.25 
grams  per  liter  of  water.  The  applications  made  were  of  such  an 
amount  that  the  soil  in  the  pot  was  thoroughly  wetted  each  time,  and 
usually  a  small  excess  quantity  ran  through  the  hole  in  the  bottom 
of  the  pot. 

For  more  than  seven  months,  until  October  22,  1909,  these  pots 
received  no  other  water  than  limewater.  During  this  period  the 
plants  continued  to  grow  in  a  normal  manner,  their  average  height 
increasing  from  4^  to  14  inches.  The  lime  appeared  to  have  no 
deterrent  effect  whatever  on  the  growth  of  the  plants.  A  computation 
based  on  the  total  amount  of  limewater  used  showed  that  each  pot 
must  have  received  about  18  grams  of  lime.  An  analysis  of  the  soil 
in  one  of  the  pots  after  the  limewater  applications  had  ceased  gave 
14  grams.  This  amount  was  enormous,  considered  from  the  stand- 
point of  agricultural  usage.  The  soil,  which  had  about  one-third 
ihe  weight  of  aA  ordinary  soil,  was  over  8  per  cent  lime.  This  is  the 
equivalent  of  about  25  tons  of  lime  per  acre  mixed  into  the  upper 
6  inches  of  the  soil. 

Xow,  it  was  already  known  from  the  experiment  described  on  page 
23  that  in  this  soil  when  containing  as  much  as  1  per  cent  of  lime 
blueberry  plants  should  either  die  or  barely  remain  alive.  As  a 
matter  of  fact  these  limewater  plants  were  making  excellent  growth. 
A  careful  examination  of  the  contents  of  one  of  the  pots  was  then 
made.  The  surface  of  the  soil  was  covered  with  a  hard  gray  crust 
of  lime.  Immediately  underneath  for  a  depth  of  about  half  an  inch 
the  soil  was  black  and  contained  no  live  blueberrv  roots.  There  was 
a  zone  of  the  same  black  rootless  soil  along  the  wooden  label  that 
leacfaed  from  the  top  to  the  bottom  of  the  pot.  In  all  other  parts 
of  the  dark-brown  peaty  soil  there  was  a  dense  mass  of  healthy 
roots,  which  reached  down  also  into  the  open  spaces  among  the 
broken  crocks  in  the  bottom  of  the  pot.  The  lime  appeared  to  have 
penetrated  only  into  the  superficial  portions  of  the  soil.  A  chemical 
ttst  showed  that  the  black  rootless  layer  was  densely  impregnated 
with  lime,  while  the  brown  peaty  portion  containing  the  growing 
roots  still  gave  the  acid  reaction  that  was  characteristic  of  the  whole 
potful  of  soil  before  the  limewater  applications  began. 

Since  all  the  water  that  the  limeless  root-bearing  portion  of  the 
aril  had  received  during  the  preceding  seven  months  had  come  from 
the  limewater  applications,  it  was  evident  that  the  lime  contained 
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in  the  limewater  had  been  deposited  in  the  upper  layers  of  the  soil. 
The  following  laboratory  experiment  confirmed  this.  A  small  quan- 
tity of  the  acid  peaty  soil  used  in  growing  blueberries  was  placed 
in  a  glass  vessel  and  moistened.  Then  dilute  limewater  reddened  by 
the  addition  of  phenolphthalein,  a  substance  giving  a  delicate  color 
test  for  alkalies  such  as  lime,  was  stirred  into  the  soil  and  the  mixture 
poured  into  an  ordinary  paper  filter.  The  water  came  through  the 
filter  without  a  trace  of  red  color,  showed  none  after  boiling,  to  drive 
oflF  any  possible  carbonic  acid,  and  when  tested  with  ammonia  and 
ammonium  oxalate  showed  not  a  trace  of  lime.  The  precipitation 
of  the  lime  had  been  complete  and  practically  instantaneous.  Only 
ten  seconds  had  elapsed  between  the  time  when  the  limewater  was 
added  to  the  soil  and  the  time  when  the  liquid  entirely  free  from  lime 
began  to  drop  through  the  filter. 

In  order  to  ascertain  whether  a  large  part  of  the  lime  in  the  lime- 
water  used  on  the  plants  may  not  have  passed  through  the  pots  by 
running  down  the  partially  open  channel  along  the  label,  some  lime- 
water  was  poured  upon  the  surface  of  one  of  the  pots.  The  excess 
water  that  soon  began  to  drip  through  the  bottom  of  the  pot  was 
tested  for  lime.  It  was  found  that  while  the  limewater  poured  into^ 
the  pot  contained  0.1014  per  cent  of  lime,  the  water  that  came 
through  contained  only  0.0046  per  cent.  In  other  words  a  pot  of  soil 
that  for  over  seven  months  had  been  used  essentially  as  a  limewater 
filter  still  continued  to  extract  over  95  per  cent  of  the  lime  contained 
in  the  limewater  that  was  passed  through  it,  notwithstanding  the 
fact  that  there  was  a  partially  open  channel  down  one  side  of  the 
pot.  It  is  believed  that  had  the  soil  been  evenly  compacted  in  the 
pot  no  lime  whatever  would  have  been  able  to  pass  through,  but  that 
all  would  have  been  precipitated  in  the  uppermost  layers. 

While  the  experiment  has  no  important  bearing  on'  the  subject  of 
blueberry  culture  it  is  of  very  great  significance  in  its  bearing  on  the 
method  of  applying  lime  to  acid  soils  in  ordinary  agricultural  prac- 
tice. A  surface  application  of  lime  would  have  no  appreciable  effect 
in  neutralizing  the  acidity  o^  a  soil  unless  the  soil  was  so  sandy  or 
gravelly  or  otherwise  open  that  the  rain  water  containing  the  dis- 
solved lime  could  run  down  through  it  practically  without  obstruc- 
tion. A  surface  dressing  of  lime  would  have  little  effect  in  neutraliz- 
ing the  acidity  of  an  old  meadow  or  pasture.  To  secure  full  action 
of  the  lime,  as  now  generally  recognized  in  the  best  agricultural 
practice,  requires  its  intimate  mixing  with  the  soil,  such  as  can  be 
accomplished  by  thorough  harrowing,  especially  after  putting  the 
lime  beneath  the  surface  with  a  drill.  A  full  discussion  of  the  phys- 
ical reasons  for  the  deposition  of  the  lime  in  the  upper  layers  of  the 
soil,  when  not  worked  into  it  mechanically,  is  given  in  Bulletin  52  of 
the  Bureau  of  Soils,  published  in  1908. 
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Among  the  experiments  with  bhieberry  seedlings  in  different  soil 
mixtures  started  on  December  22,  1908,  was  one  in  which  six  plants 
were  set  in  glass  pots  in  a  peaty  soil  thoroughly  intermixed  with 
1  per  cent  of  carbonate  of  lime.  The  first  difference  that  showed  be- 
tween these  and  unlimed  plants  in  the  same  soil  was  the  much  feebler 
root  growth  of  the  limed  plants.  This  was  followed  by  an  evident 
tendency  toward  feebler  stem  growth.  The  relative  condition  of  the 
two  cultures  on  April  13, 1909,  is  shown  by  photographs  of  represent- 
ative plants  reproduced  as  figures  7  and  8.    The  later  progress  of  this 


ric.  7.— Blueberry  seedllnj?  In  peat  mixture      Fia.  8. — Blueberry  seedling  In  peat  mixture 
Hmed.      (One-balf  natural  size.)  unlimed.     (One-half  natural  size.) 

oxperinient  was  interrupted,  however,  and  its  average  results  vitiated 
liecause  the  roots  of  some  of  the  limed  plants  found  their  way  through 
the  holes  in  the  bottom  of  the  pots  and  obtained  nourishment  from 
the  unlimed  material  in  which  the  pots  wore  plunged.  Such  plants 
made  nearly  as  good  growth  as  the  unlimed  plants.  On  November 
fJ7,  1909,  there  remained  only  one  of  the  limed  plants  whose  roots 
were  all  inside  the  pot.  This  plant  was  feeble  and  small,  its  stem 
Wng  only  2J  inches  high.  Its  inferiority  to  the  unlimed  plants  was 
almost  as  con*^picuous  as  that  of  the  garden-soil  plants  described  on 
page  17  and  illustrated  in  figure  5. 
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(4)  The  swamp  bluebebby  does  not  thbive  in  a  heavy  clay  boil. 

In  its  natural  geographic  distribution  the  blueberry  shows  an 
aversion  to  clay  soils.  Its  favorite  situations  are  swamps,  sandy 
lands,  or  porous,  often  gravelly  loams.  When  a  blueberry  plant 
grows  upon  a  clay  soil  it  is  usually  found  that  its  finer  feeding  roots 
rest  in  a  layer  of  half-rotted  vegetable  matter  overlying  the  clay. 
Often  in  such  situations  the  dense  covering  of  interwoven  rootlets 
and  dark  peatlike  soil  may  be  ripped  from  the  surface  in  a  layer 
little  thicker  than  a  door  mat  and  of  much  the  same  texture.  The 
roots  of  the  blueberry  do  not  penetrate  freely  into  the  underlying  clay. 

In  greenhouse  cultures  the  blueberry  shows  the  same  aversion  to 
clay  soils.  Various  series  of  blueberry  seedlings  were  potted  on  May 
26,  1908,  in  different  soils  in  ordinary  large  drinking  glasses.  For 
one  set  of  six  plants  a  stiff  clayey  soil  was  used,  such  as  is  common 
in  the  neighborhood  of  Washington,  D.  C.  The  soil  in  the  glass  was 
mulched  to  the  depth  of  nearly  an  inch  with  half -rotted  leaves.  In 
another  six  glasses  were  set  six  similar  plants  in  a  peat  soil,  the  sur- 
face mulched  in  the  same  way  as  the  others. 

In  other  experiments  with  this  clay  soil  in  earthen  pots,  the  growth 
of  the  plants  had  always  been  poor.  The  present  experiment  was  no 
exception.  But  the  feature  of  greatest  interest  was  the  behavior  of 
the  roots.  Plate  I,  from  photographs  taken  October  5,  1908,  shows 
the  root  systems  of  typical  plants  in  the  two  soils.  In  the  clay  soil 
almost  no  root  development  took  place,  and  in  the  illustration  no 
roots  are  visible.  The  interrupted  black  lines  in  the  clay  are  tunnels 
made  by  larvae  or  other  animals.  In  the  moist  leaf  mulch  covering 
the  clay,  however,  the  plant  developed  its  roots  extensively.  Some  of 
the  plants,  probably  because  they  were  set  too  deeply  in  the  clay 
when  the  potting  was  done,  failed  to  send  their  roots  up  into  the 
mulch,  and  such  plants  were  much  inferior  in  their  growth  to  those 
that  found  the  rotted  leaves.  In  the  other  glass  is  shown  the  normal 
root  growth  of  a  blueberry  in  a  soil  suited  to  it. 

(6)  The  swamp  bluebebby  does  not  thbive  in  a  thoboughly  decomposed  leaf 
mold,  such  as  has  a  neutbal  beaction. 

It  had  been  found  in  earlier  experiments  that  certain  soils  com- 
posed in  part  of  imperfectly  rotted  oak  leaves  were  good  for  growing 
blueberries.  On  the  supposition  that  the  more  thoroughly  rotted  this 
material  was  the  better  suited  it  would  be  for  blueberry  growing,  a 
quantity  of  old  leaf  mold  was  secured  for  an  experiment.  The  mold 
was  black,  mellow,  and  of  fine  texture.  The  mixed  oak  and  maple 
leaves  from  which  it  was  derived  had  been  rotting  for  about  five 
years,  until  all  evidences  of  leaf  structure  had  disappeared.  It  had 
the  same  appearance  as  the  black  vegetable  mold  that  forms  in  rich 
woods  where  trilliums,  spring  beauty,  and  bloodroot  delight  to  grow. 
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I  On  February  20, 1909,  25  blueberry  seedlings  were  potted  in  3-inch 
e&rthenware  pots  in  a  mixture  consisting  of  eight  parts  by  bulk  of 
the  leaf  mold  just  described,  one  part  of  clean  sand,  and  one  part  of 
dayey  loam  derived  from  rotted  grass  turf.  Fifty  other  plants  were 
potted  in  the  same  manner  except  that  in  place  of  the  mold  a  peat 
was  used  known  from  earlier  experiments  to  be  well  suited  to  blue- 
berry growing.  The  plants  were  kept  in  the  greenhouse  until  warm 
weather  when  they  were  placed  outdoors.  All  were  given  the  same 
treatment,  a  treatment  favorable  to  good  growth. 

It  had  been  expected  that  the  plants  in  the  leaf  mold  would  show  a 
rigorous  growth,  and  it  was  hoped  that  the  mold  might  prove  even 
superior  to  the  peat  for  blueberry  soil  mixtures.  The  experiment  as 
it  progressed,  however,  showed  that  such  was  not  the  case.  The  leaf 
mold  proved  to  be  not  merely  not  a  good  soil  for  blueberries  but  an 
extremely  poor  one,  as  the  following  particulars  will  show. 

When  the  plants  were  potted  they  averaged  about  2^  inches  in 
height.  On  May  29  the  peat-soil  plants  had  an  average  height  of  7J 
inches,  while  the  leaf -mold  plants  averaged  4  J  inches.  At  this  time 
the  herbage  of  the  leaf-mold  plants  was  decidedly  purpled  and  yel- 
lowish, a  coloration  which  they  had  taken  on  soon  after  they  were 
potted  and  from  which  they  never  fully  recovered.  At  the  end  of  the 
season,  after  the  leaves  were  shed,  the  peat-soil  plants  averaged  13J 
inches  in  height  and  the  leaf-mold  plants  7 J  inches.  On  November  29, 
1909,  five  average  plants  from  each  lot  were  cut  off  at  the  surface  of 
the  ground  and  weighed.  The  weight  of  the  stems  from  the  leaf -mold 
plants  was  less  than  one-fifth  that  from  the  plants  in  the  good  blue- 

"1^%^  p..nu  w«e  removed  ,r«n,  their  original  ^  W  .„ 
be  transplanted  to  the  3-inch  pots,  such  of  the  original  soil  as  clung 
to  their  roots  was  not  shaken  off.  It  is  believed  that  the  leaf-mold 
plants  fed  in  part  on  this  original  soil  in  making  their  new  growth, 
and  that  without  it  they  would  have  shown  still  less  increase  in 
height  than  they  did.  The  peat-soil  plants,  moreover,  were  badly  in 
need  of  repotting,  even  in  early  sunmier,  and  had  they  been  placed  in 
larger  pots  the  difference  in  the  growth  of  the  plants  in  the  two  soils 
would  have  been  much  greater  than  it  was. 

That  the  influence  of  the  leaf  mold  was  directly  deleterious  and 
that  the  poor  growth  of  the  blueberry  plants  in  it  was  not  due  to  the 
lack  of  some  element  that  might  have  been  furnished  by  the  addition 
of  a  small  amount  of  the  good  blueberry  soil  is  shown  by  certain  inter- 
mediate experiments.  Along  with  the  cultures  described  above  were 
carried  two  others  in.  which  the  soil  mixtures  contained  both  peat  and 
leaf  mold.  In  the  first,  in  which  the  proportion  was  peat  5,  mold  3, 
sand  1,  and  loam  1,  the  average  height  of  the  plants  on  May  29 
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was  6  inches,  and  at  the  end  of.  the  season  12^  inches.  In  the  second 
lot,  in  which  the  proportion  was  peat  3,  mold  5,  sand  1,  and  loam  1,  " 
the  average  height  on  May  29  was  4^  inches,  and  at  the  end  of  the  ( 
season  llf  inches.  It  will  be  observed  that  these  two  lots  of  plants  i 
are  intermediate  in  their  growth  between  the  first  tw^o  and  that  in  all  I 
four  lots  the  poverty  of  growth  is  roughly  proportional  to  the  amount  : 
of  leaf  mold  used  in  the  soil. 

That  the  weak  growth  of  the  plants  in  leaf  mold  was  not  caused  by  ■■ 
a  compacting  of  the  soil  and  a  lack  of  aeration,  due  to  too  small  a 
proportion  of  sand  in  the  mixture,  is  shown  by  still  another  lot  of  25 
plants  which  were  potted  in  a  soil  mixture  having  the  proportion  of 
mold  6,  sand  3,  and  loam  1.  These  plants  averaged  only  4  inches  in 
height  on  May  29  and  6J  inches  at  the  end  of  the  season.  They  grew 
even  less,  therefore,  than  the  plants  with  only  1  part  of  sand  and  8 
parts  of  mold. 

In  Plate  II,  from  a  photograph  made  in  the  winter  of  1909-10,  is 
shown  a  flat  divided  into  three  parts  and  set  on  February  10,  1909, 
with  blueberry  seedlings  of  uniform  size.    The  soil  in  the  middle  i 
compartment  is  a  mixture  of  leaf  mold  8  parts,  sand  1  part,  and  loam 
1  part.    In  the  compartment  to  the  left  the  soil  is  in  the  proportion 
of  kalmia  peat  8,  sand  1,  and  loam  1 ;  and  in  the  right-hand  com- 
partment, kalmia  peat  4,  leaf  mold  4,  sand  1,  and  loam  1.    It  will  be  ^ 
observed  that  the  greater  the  amount  of  leaf  mold  the  poorer  the  ! 
growth  of  the  blueberry  plants. 

The  reason  for  the  unexpected  deleterious  effect  of  leaf  mold,  as  i 
shown  by  these  experiments,  is  given  on  page  29  and  further  discussed  i 
on  page  35. 

(6)  The  swamp  blueberry  does  not  thrive  in  soils  having  a  neutral  or  i 
alkaline  reaction,  but  fob  vigorous  growth  it  requires  an  acid  soil,  i 

The  consideration  of  this  statement  requires  first  an  understanding 
of  the  means  used  to  determine  whether  a  soil  is  acid  or  alkaline. 
The  simplest  means  is  the  litmus  test. 

While  one  may  become  sufficiently  expert  in  the  use  of  the  litmus  i 
test  to  form  a  fair  judgment  of  the  degree  of  alkalinity  or  acidity  in  | 
a  soil,  an  exact  determination  requires  some  different  method.  It 
was  foimd  that  for  the  weak  acids  prevalent  in  the  peat  soils  to  the 
examination  of  which  the  prCvSent  experiments  led,  the  phenol- 
phthalein  test  was  the  most  satisfactory.  If  a  few  drops  of  phe- 
nolphthalein  indicator  be  added  to  a  solution,  the  solution,  if 
alkaline,  turns  instantly  pink,  and  if  acid  or  neutral  its  color  does 
not  change.  The  application  of  this  phenomenon  to  the  determina- 
tion of  the  degree  of  acidity  of  an  acid  solution  is  as  follows:  A 
definite  amount  of  the  solution,  usuallv  100  cubic  centimeters,  is 
placed  in  a  beaker,  a  few  drops  of  an  alcoholic  solution  of  phenol- 
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METHOD  OF  TESTING  SOIL  ACIDITY.  27 

phthalein  are  added,  and  into  this  is  stirred  drop  by  drop  from  a 
graduated  glass  tube  provided  with  a  stopcock,  known  as  a  burette, 
a  measured  amount  of  some  alkaline  solution  of  known  strength, 
commonly  a  one-twentieth  normal  solution,  as  it  is  known  to  chem- 
ists, of  sodium  hydrate.  When  a  sufficient  amount  of  the  sodium- 
hydrate  solution  has  been  dropped  into  the  beaker,  the  acidity  of  the 
acid  solution  becomes  neutralized  and  it  turns  pink.  A  reading  is 
made  on  the  burette  showing  the  exact  amount  of  the  sodium-hydrate 
solution  used  in  effecting  the  neutralization.  From  this  reading  is 
computed  the  degree  of  acidity  expressed  in  fractions  of  a  normal 
acid  solution.  Now  100  c.  c.  of  a  normal  acid  solution  would  require 
for  its  neutralization  100  c.  c.  of  a  normal  solution  of  sodium  hydrate, 
or  2.000  c.  c.  of  a  one-twentieth  or  0.05  normal  solution.  In  a  test  of 
one  of  the  acid  nutrient  solutions  used  in  the  blueberry  cultures, 
18  c.  c.  of  a  0.05  normal  solution  was  required  to  neutralize  the  acidity 
of  100  c.  c.  of  the  acid  solution.  Since  18  c.  c.  of  a  0.05  normal 
solution  is  the  equivalent  of  one-twentieth  that  amount,  or  0.9  c.  c.  of 
a  normal  solution,  the  degree  of  acidity  of  this  acid  solution  is  0.009 
normal.  It  requires  an  equal  amount  of  a  0.009  normal  alkaline 
solution  to  neutralize  it. 

In  applying  this  phenolphthalein  test  to  soils  the  same  scale  is 
used.  A  soil  is  regarded  as  having  normal  acidity  when  the  acid  ex- 
isting in  a  gram  of  the  soil  if  dissolved  in  1  c.  c.  of  water  gives  a  nor- 
mal acid  solution.  If  a  soil  were  described  as  having  an  acidity  of 
0.02  normal,  it  would  mean  that  the  extract  of  100  grams  of  it  in  100 
c.  c  of  water  would  be  a  0.02  normal  acid  solution ;  that  is,  that  100 
c.  c.  of  the  solution  would  contain  2  c.  c.  of  a  normal  acid  solution. 

The  method  of  extraction  followed  for  all  the  soil  acidity  tests 
given  in  this  paper  is  as  follows :  The  soil  is  first  air  dried  at  an  ordi- 
nary room  temperature.  Ten  grams  are  then  weighed  out,  shaken  thor- 
ou^ly  with  200  c.  c.  of  hot  water,  and  allowed  to  stand  over  night. 
In  the  morning  100  c.  c.  is  filtered  off  and  boiled  to  drive  away  any 
carbon  dioxid  present.  The  solution  is  then  titrated  with  a  0.05  nor- 
mal solution  of  sodium  hydrate,  using  phenolphthalein  as  an  indi- 
cator. All  the  tests  were  made  by  Mr.  J.  F.  Breazeale,  of  the  Bureau 
of  Chemistry,  to  whom  the  writer  is  greatly  indebted  for  many  cour- 
tesies and  suggestions  on  the  chemical  side  of  the  experiments. 

The  expression  "  normal  solution  "  used  in  this  paper,  it  must  be 
nnderstood,  is  the  normal  solution  of  chemists,  not  of  surgeons. 
Surgeons  use  the  expression  "  normal  salt  solution  "  to  describe  a  cer- 
tain weak  solution  of  common  salt  in  water  which  has  the  same 
c«motic  pressure  as  the  blood.  A  normal  solution  in  chemistry  is  a 
«>lution  of  certain  fixed  strength,  or  concentration,  based  on  the 
mdecular  weight  of  the  substance  under  consideration.     Normal  solu- 
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tions  of  the  various  acids  have  the  same  degree  of  acidity.  Normal 
solutions  of  alkaline  substances  are  equal  to  each  other  in  alkalinity. 
A  measured  amount  of  a  normal  solution  of  an  acid  will  exactly 
neutralize  an  equal  amount  of  a  normal  solution  of  an  alkaline  sub- 
stance. 

In  considering  the  degree  of  acidity  from  the  standpoint  of  the 
sense  of  taste  it  is  convenient  to  remember  that  the  juice  of  an  ordi- 
nary lemon  is  very  nearly  a  normal  solution  of  citric  acid.  The  juice 
of  the  lemon  contains  usually  from  6  to  7  per  cent  of  citric  acid.  A. 
normal  solution  of  citric  acid  is  6.4  per  cent.  When  the  juice  of  a 
lemon  is  diluted  to  about  ten  times  its  original  bulk,  as  in  a  large 
drinking  glass,  one  has  approximately  a  0.1  normal  acid  solution. 
When  diluted  to  100  times,  making  about  a  0.01  normal  solution, 
there  remains  only  a  faint  taste  of  acidity.  The  acidity  of  water 
after  standing  long  in  contact  with  peat  in  a  barrel  sometimes  reached 
0.005  normal.  Bog  water,  or  peat  water,  is  sometimes  appreciably 
acid  to  the  taste. 

Returning  now  to  a  consideration  of  the  statement  that  the  swamp 
blueberry  does  not  thrive  in  a  neutral  or  alkaline  soil  an  experiment 
in  this  direction  may  first  be  cited.  The  experiment  was  made  with 
twelve  small  glass  pots,  each  containing  a  blueberry  seedling.  The 
soil  in  the  pots  was  a  clean  river  sand.  The  plants  had  been  in  these 
pots  for  eight  weeks,  watered  with  tap  water.  The  amount  of 
nourishment  they  had  received  during  this  time  was  therefore  very 
small,  especially  since,  when  transplanted  into  the  pots,  all  the  soil 
of  the  original  seed  bed  had  been  carefully  removed  from  the  roots. 
Nevertheless  during  these  eight  weeks  all  the  plants  had  made  exten- 
sive, even  luxuriant,  root  growth.  The  tops,  however,  had  made  no 
growth.  There  had  been  complete  stagnation  or  withering  of  the 
youngest  leaf  rudiments,  and  the  mature  leaves  became  and  remained 
deeply  purpled. 

Beginning  on  February  17,  1909,  eight  weeks  after  the  plants  had 
been  potted  in  the  sand,  as  already  stated,  five  of  the  pots  were  wa- 
tered with  an  acid  nutrient  solution  made  up,  in  accordance  with  the 
advice  of  Mr.  Karl  F.  Kellerman,  of  the  Bureau  of  Plant  Industry,  as 
follows : 

ft 

Potassium  nitrate  (KNOs) 1.0  gram. 

Magnesium  sulpliate  (MgSO«) 0.4  gram. 

Calcium  sulphate  (CaS04) 0.  5gram. 

Calcium  monophosphate  (CaH4P20s) 0.5  gram. 

Sodium  chlorid  (XaCl) 0.5 gram. 

Ferric  chlorid  (FeCU) - Trace. 

Water l,000c.c. 

This  solution  gave  an  acidity  test  of  0.012  normal, 
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Five  other  plants  from  the  same  twelve  were  watered  with  an  alka- 
line nutritive  solution  of  thj  following  composition : 

Potassium  nitrate  (KNOa) l.Ogram. 

Magnesium  sulphate  (MgSO*) 0.4  gram. 

Calcium  sulpliate  (CaS04) 0.5  gram. 

Potassium  diphospliate  (KHiPOO 0.4  gram. 

Sodium  chlorid  (NaCl) 0.5 gram. 

Ferric  chlorid  (PeCl*) Trace. 

Water 1, 000  c.  c. 

By  the  addition  of  a  sufficient  quantity  of  sodium  hydrate  the  re- 
action of  this  solution  was  made  alkaline  to  the  degree  of  0.006 
nonnal. 

Two  of  the  twelve  plants  were  left  as  checks,  being  still  watered 
with  tap  water. 

On  March  25,  thirty-six  days  after  the  watering  began,  the  five 
plants  fed  with  the  acid  nutritive  solution  were  restored  to  a  nearly 
nonnal  green  color,  and  all  had  begun  to  put  out  healthy  new  growth. 
TTie  two  check  plants  watered  with  tap  water  were  still  red-purple 
and  stagnant.  Of  the  five  plants  watered  with  the  alkaline  nutrient 
solution,  three  were  stagnant  and  somewhat  purplish,  one  was  dying, 
and  one  was  dead. 

Figures  9  and  10,  from  photographs  taken  on  April  15,  1909, 
show  a  typical  stagnant  plant  that  had  been  watered  with  the  alka- 
line solution,  and  a  typical  plant  watered  with  the  acid  solution  which 
had  begun  to  make  new  growth  from  the  summit  of  the  old  stem  and 
was  pushing  out  a  vigorous  new  shoot  from  the  base.  The  experi- 
ment was  terminated  not  long  afterwards,  but  there  was  every  pros- 
pect that  had  it  been  continued  the  acid-fed  plants  would  soon  have 
made  growth  comparable  with  that  shown  in  figure  8  (p.  23). 

Looking  toward  the  acidity  or  alkalinity  of  the  other  cultures  thus 
far  cited,  it  may  be  stated  that  the  rich  garden  soil  described  on 
page  14,  which  was  so  remarkably  deleterious  to  blueberry  seedlings, 
was  alkaline.  The  rose  cuttings  and  the  alfalfa,  which  grew  so  well 
in  that  mixture,  much  prefer  a  somewhat  alkaline  soil.  Indeed, 
alfalfa  can  not  be  grown  with  any  degree  of  success  in  any  soil 
except  one  with  an  alkaline  reaction.  ^\Tien  grown  in  the  humid 
eastern  United  States  alfalfa  is  rarely  successful,  except  on  calcareous 
soils,  unless  the  natural  acidity  of  the  soil  has  been  neutralized  by 
suitable  applications  of  lime. 

The  limed  soil,  deleterious  to  blueberry  plants,  described  on  page 
23,  gave  a  neutral  reaction  with  phenolphthalein. 

The  heavy  clay  soil  described  on  page  24,  in  which  blueberry  plants 
made  very  little  growth,  was  neutral. 

The  thoroughly  decomposed  leaf  mold  described  on  pages  24  to  26, 
which  was  shown  by  experiment  to  be  markedly  deleterious  to  the 
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blueberry,  was  distinctly  alkaline.    A  chemical  analysis  of  this  mold 
showed  that  it  contained  2.86  per  cent  of  calcium  oxid. 

The  good  blueberry  soils  in  all  the  experiments  were  acid,  the  acidity 
at  times  of  active  growth  varying  from  0.025  normal  down  to  0.005 
normal. 

It  is  of  interest  and  suggestive  of  utility  in  indicating  the  acid  or 
nonacid  character  of  soils  to  record  that  in  the  case  of  the  alkaline 
leaf  mold  described  on  page  24  the  surface  of  the  soil  in  all  the  pots 
became  covered  in  a  few  months  with  a  growth  of  a  small  moss  iden- 
tified through  the  courtesy  of  Mrs.  N.  L.  Britton  as  Physcomitrium 

im7ner»iim.  On  the  sur- 
face of  acid  kalmia-peat 
soils  the  characteristic 
green  growth  consisted  of 
microscopic  algse,  accom- 
panied often  by  fern  pro- 
thallia  and  other  mosses, 
but  never  Physcomi- 
trium. 

The  natural  distribu- 
tion of  blueberries  and 
their  relatives  indicates 
their  close  adherence  to 
acid  soils.  They  occur  in 
abundance  throughout  the 
sandv  Coastal  Plain  of  the 
Atlantic  seaboard.  They 
occur  generally  through 
the  cool  humid  hill  lands 
of  New  England.  They 
occur  in  sandy  pine  bar- 
rens and  peat  bogs 
throughout  the  eastern 
United  States.  They  are  absent,  on  the  contrary,  from  limestone 
soils,  rich  bottom  lands,  and  rich  woods,  where  the  soils  are  neutral 
or  alkaline.  In  the  lower  elevations  of  the  whole  subarid  West,  where 
acid  soils  are  almost  unknown,  these  plants  do  not  occur.  Within 
reach  of  the  fogs  and  heavy  rainfall  of  the  Pacific  coast  or  on  th6 
higher  mountains  of  the  interior,  where  conditions  favor  the  devel- 
opment of  acid  soils,  blueberries  occur  again  in  characteristic  abun- 
dance. 

From  an  examination  of  the  reports  of  those  who  have  attempted 
at  the  agricultural  experiment  stations  to  domesticate  and  improve 
the  blueberry,  it  is  evident  in  the  light  of  the  present  experiments 
that  the  primary  reason  for  these  failures  was  that  they  did  not  recog- 
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nize  soil  acidity  as  a  fundamental  requirement  of  these  plants.  It 
was  perhaps  natural  to  give  the  blueberry  the  same  garden  culture 
that  when  applied  to  other  bush  fruits  has  resulted  in  their  distinct 
improvement.  But  the  ordinary  garden  operations  tend  to  make  even 
an  acid  soil  neutral  or  alkaline,  and  in  such  a  soil  the  blueberry  does 
not  thrive. 

The  death  and  decay  of  blueberry  roots,  with  which  the  injurious 
effect  of  alkaline  soils  is  associated,  are  discussed  on  pages  64  and  65. 

il)  The  favobite  type  of  acid  soil  fob  the  swamp  bluebekbt  is  peat. 

Although  the  swamp  blueberry  sometimes  grows  on  upland  soils 
its  typical  habitat,  as  its  name  implies,  is  in  swamps  or  bogs.  The 
cranberrv,  it  is  well 
known,  is  cultivated  al- 
most exclusively  in  bogs. 
In  clearing  bog  land  pre- 
paratory to  the  planting 
of  cranberries  one  of  the 
necessary  precautions  is  to 
remove  -all  roots  of  the 
swamp  blueberry.  If  the 
roots  are  allowed  to  re- 
main in  the  ground,  they 
send  up  vigorous  shoots, 
and  these,  unless  pulled, 
develop  into  robust  plants 
which  occupy  the  ground 
to  the  great  injury  of 
the  cranberries.  Large, 
healthy,  and  productive 
bushes  of  the  swamp  blue- 
berry are  frequent,  almost 
characteristic,  inhabitants 
of  the  uncultivated  bor- 
ders of  cranberry  bogs. 

Peat  bogs,  in  the  con- 
ception of  geologists,  are 
incipient  coal  beds.  The 
transformation  of  peat 
into  coal  occupies  very 
long  periods,  perhaps  some 
millions  of  years.  Peat  is  made  up  chiefly  of  vegetable  matter, 
the  dead  leaves,  stems,  and  roots,  of  bog  plants  which  are  only 
partly  decayed.  Their  full  decay  is  prevented  primarily  by 
the  presence  of  water,  which  keeps  away  the  air.    The  bacteria, 
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fungi,  and  other  organisms  by  which  ordinary  decomposition  pro- 
gresses can  not  live  under  this  condition  and  decay  is  suspended. 
The  acids  developed  by  this  vegetable  matter  in  the  early  stages  of 
its  decomposition  are  also  destructive  to  some  of  the  organisms  of 
decay,  especially  bacteria.  These  acids  act  therefore  as  preserva- 
tives and  greatly  assist  in  preventing  decomposition.  So  effective 
are  these  conditions  of  acidity  and  lack  of  oxygen,  assisted  in  north- 
ern latitudes  by  low  temperature,  which  is  also  inimical  to  the  organ- 
isms of  decay,  that  bogs  sometimes  preserve  for  thousands  of  years 
the  most  delicate  structures  of  ferns  and  mosses. 

Tests  have  been  made  of  the  acidity  of  typical  peat  bogs  in  New 
England  where  swamp  blueberries  are  growing.  These  peats  were 
always  found  to  be  acid  and  the  degree  of  acidity  was  within  the 
range  found  satisfactory  for  blueberry  plants  in  pot  cultures. 

The  reason  why  peat  is  a  particularly  satisfactory  type  of  acid  soil 
for  blueberries  is,  apparently,  because  the  acidity  of  peat  is  of  a  mild 
type,  yet  continually  maintained. 

Not  all  peats  are  acid.  About  the  larger  alkaline  (but  not  destruc- 
tively alkaline)  springs  of  our  southwestern  desert  region  are 
deep  deposits  of  rather  well-decayed  vegetable  matter  that  must 
be  classed  as  peat.  The  characteristic  vegetation  growing  on  these 
peats  is  tule  {Scirpna  occidentalis  and  S,  olneyi).  The  water  of 
one  of  the  great  tule  swamps  of  the  West  (Lower  Klamath  I.<ake  in 
.southern  Oregon),  which  contains  thick  beds  of  peat  formed  chiefly 
from  Scirpiis  occidentalism  has  been  examined  recently  by  Mr.  J.  F. 
Breazeale,  at  the  request  of  Mr.  C.  S.  Scofield.  It  was  found  to  con- 
tain sodium  carbonate,  and  the  peat  gave  a  distinctly  alkaline  reaction. 

The  peat  formed  about  marl  ponds  in  the  eastern  United  States 
is  also,  in  all  probability,  alkaline  unless  formed  at  a  sufficient  dis- 
tance from  the  lime-laden  water  to  be  beyond  the  reach  of  its  acid- 
neutralizing  influence. 

Such  alkaline  peats,  while  not  actually  tried,  are  believed  from 
other  experiments  to  be  quite  useless  for  growing  blueberries.  Cer- 
tain it  is  that  neither  blueberries  nor  any  of  their  immediate  relatives 
are  found  on  these  soils  in  a  wild  state.  In  the  eastern  United 
States,  however,  such  alkaline  peats  are  comparatively  rare,  and  the 
use  of  the  word  "  peat "  conveys  ordinarily  the  idea  of  acidity.  All 
the  soils  used  by  gardeners  under  the  name  of  peat  are  acid. 

(S)    Peat  suitable  for  the  swamp  BLrEBERRY  MAY  BE  FOUND  EITHER  IN  BOGS  OR 
ON  THE  SURFACE  OF  THE  GROUND  IN   SANDY  OAK  OR  PINE  WOODS. 

In  the  vicinity  of  Washington  deposits  of  bog  peat  are  few  and  of 
limited  extent,  and  the  peat  is  thin.  As  a  matter  of  fact  no  bog  peat 
of  local  origin  is  used  by  the  gardeners  and  florists  of  Washington. 
For  growing  orchids,  ferns,  azaleas,  and  other  peat-loving  plants, 
either  peat  shipped  from  New  Jersey  is  used  or  a  local  product  some- 
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tim«  known  as  "  Maryland  peat."  This  material  is  not  a  bog  peat  at 
ill,  and  since  it  is  of  very  great  interest  in  connection  with  these  blue- 
bwTV  experiments,  for  it  was  the  principal  ingredient  in  a  majority 
of  the  successful  soil  mixtures  used,  it  is  desirable  that  the  reader 
hive  a  comprehensive  idea  of  its  character. 

Maryland  peat,  as  brought  to  the  greenhouses  of  the  United  States 
Department  of  Agriculture,  consists  of  dark-brown  turfs  or  mats,  2  to 
4  inches  thick,  made  up  of  partially  decomposed  leaves  interlaced  with 
fine  roots.  It  is  found  in  thickets  of  the  American  laurel  {Kalmia 
latifciia)  where  the  leaves  of  this  shrub,  usually  mixed  with  those  of 
rarioas  species  of  oak,  have  lodged  year  after  year  and  the  ac- 
cumulated layers  have  become  partly  decayed. 

The  nature  of  the  deposit  may  be  easily  comprehended  by  means 
of  the  accompanying  illustraticms.  The  photographs  from  which  the 
illustrations  were  made  were  secured  through  the  courtesy  and  skill 
of  Mr.  G.  N.  Collins,  of  the  Bureau  of  Plant  Industry.  The  photo- 
graphs were  made  in  the  month  of  April,  1908,  in  a  laurel  thicket  at 
Lanham,  Md.  After  one  photograph  was  made,  the  layer  of  leaves 
represented  by  it  was  removed  and  another  photograph  was  taken 
showing  the  layer  immediately  underneath. 

In  Plate  III,  figure  1,  is  shown  the  top  layer  of  the  leaf  deposit  aS 
it  appeared  in  April,  1908,  consisting  of  oak  leaves  of  various  species 
which  fell  to  the  ground  in  the  autumn  of  1907.  The  next  under- 
lying layer  is  shown  in  Plate  III,  figure  2.  The  laurel  leaves  here 
shown  are  those  that  fell  in  the  summer  of  1907.  Laurel  being  an 
evergreen,  its  leaves  arc  not  shed  in  the  autumn  like  those  of  the  oaks. 
They  remain  on  the  bush  until  the  new  leaves  of  the  following  spring 
are  fully  developed  and  then  the  old  leaves  begin  to  fall.  It  is  this 
circumstance  of  the  fall  of  the  oak  and  laurel  leaves  at  different 
periods  of  the  year  that  enables  one  to  recognize  the  different  layers 
and  know  their  exact  age.  The  third  layer,  shown  in  Plate  IV,  figure 
1.  consists  of  oek  leaves  of  the  autumn  of  1906.  This  layer  was  moist 
and  decomposition  was  well  started.  The  presence  of  fungous  growth 
is  evident,  as  is  also  the  excrement  of  various  small  animals.  Myria- 
poda,  or  thousand-legged  worms,  and  the  larvse  of  insects  must  play  a 
very  important  part  under  some  conditions  in  hastening  the  de- 
romposition  of  leaves.  The  fourth  layer,  Plate  IV,  figure  2,  consist- 
ing of  laurel  leaves  shed  in  the  summer  of  1906,  is  in  about  the  same 
ccndition  as  the  preceding  layer.  In  the  fifth  layer,  Plate  V,  figure  1, 
are  dM>wn  the  leaves  of  1905,  but  the  layer  of  oak  leaves  is  not  readily 
separable  from  the  laurel.  The  rotted  leaves  crumble  readily  and 
decomposition  has  so  far  progressed  that  a  few  oak  rootlets  are  found 
spread  out  between  the  flattened  leaves.  Plate  V,  figure  2,  shows  the 
wtted  leaf  layers  of  1904  interlaced  with  the  rootlets  of  laurel  and  oak. 
It  is  this  root-bearing  layer,  2  inches  or  more  in  thickness,  of  which 
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Maryland  peat  is  composed.    The  lower  portions  of  it  reach  a  some- 
what  greater  degree  of  decomposition  than  is  here  shown. 

In  a  rich  woods  of  the  trillium-producing  type,  such  as  a  fertile 
sugar-maple  forest,  one  may  observe  that  the  leaves  in  rotting  sel- 
dom retain  their  form  longer  than  tj^^o  years  and  that  the  line  of  de- 
marcation between  the  thin  leaf  litter  of  the  forest  and  the  underlying 
woods  mold  is  sharp  and  clear. 

In  the  sugar-maple  woods  the  decomposition  of  the  leaves  is  rapid. 
In  the  Maryland  or  kalmia  peat,  as  it  may  be  called  with  more  exact- 
ness, the  decomposition  is  slow.  The  cause  of  this  difference  in  the 
rate  of  decomposition  is  the  difference  of  acidity  in  the  two  cases,  and 
this  in  turn  is  dependent  on  the  nature  of  the  leaves  and  of  the  under- 
lying soil,  particularly  whether  the  soil  is  acid  or  alkaline.  A  slight 
alkalinity  in  a  soil  greatly  favors  the  decomposition  of  the  leaves 
overlying  it.  An  acidity  as  strong  as  that  shown  to  occur  in  newly 
fallen  oak  leaves  (see  p.  62)  can  not  help  having  a  pronounced  effect 
in  maintaining  the  acidity  of  the  lower  leaf  layers;  for  it  must  be 
remembered  that  these  acids  are  soluble  in  rain  water,  and  are  there- 
fore continually  leaching  down  from  the  upper  through  the  lower 
layers  of  rotting  leaves. 

These  upland  leaf  deposits,  in  which  decomposition  is  retarded  for 
many  years,  the  writer  regards  as  essentially  peat,  and  to  distinguish 
them  from  bog  peats  he  would  call  them  upland  peats.  An  upland 
peat  may  be  descril)ed  as  a  nonpaludose  deposit  of  organic  matter, 
chiefly  leaves,  in  a  condition  of  suspended  and  imperfect  decompo- 
sition and  still  showing  its  original  leaf  structure,  the  suspension  of 
decomposition  being  due  to  the  development  and  maintenance  of  an 
acid  condition  w^hich  is  inimical  to  the  growth  of  the  micro-organisms 
of  decay. 

The  use  of  the  name  "  leaf  mold,"  sometimes  applied  to  this  upland 
peat,  should  be  restricted  to  the  advanced  stages  in  the  decomposition 
of  leaves,  in  which  leaf  structure  has  disappeared.  True  leaf  mold, 
furthermore,  is  neutral  or  alkaline,  so  far  as  tested. 

TVlien  kalmia  peat  is  to  be  used  for  growing  blueberries  it  should 
be  piled  and  rotted  for  several  months.  An  experience  which  empha- 
sizes the  need  of  this  treatment  is  given  on  page  60.  If  stacked 
as  soon  as  it  is  dug  it  usually  retains  sufficient  moisture  to  carry  the 
rotting  forward,  even  if  the  stack  is  under  cover. 

Kalmia  peat  has  proved  to  be  a  highly  successful  soil  for  growing 
blueberries.  It  has  been  tried  both  pure  and  in  many  mixtures,  as 
will  be  described  in  the  paragraphs  beginning  on  page  51. 

An  upland  peat  formed  of  the  leaves  of  scrub  pine  {Pinus  virginr- 
iana)  has  also  been  tried  for  blueberry  seedlings.    They  grow  well  in  it. 

Oak  leaves,  it  is  believed,  rotted  for  one  or  two  years  would  make  a 
good  blueberry  soil.    In  the  Arlington  National  Cemetery  is  a  ravine 
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Fig.  2.— Formation  of  Kalmia  Peat,  Second  Layer. 
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ID  which  large  quantities  of  leaves,  chiefly  oak,  have  been  clumped 
for  many  years.  Samples  taken  there  in  late  November,  1909,  show 
an  acidity  in  the  case  of  freshly  fallen  leaves  of  0.4  normal ;  in  leaves 
apparently  1  year  old,  0.006;  and  in  leaves  about  2  years  old,  0.002. 

A  condition  of  great  interest  was  found  in  one  of  these  piles  of 
leaf  mold  which  was  several  years  old.  It  was  mellow  and  black,  and 
the  evidence  of  leaf  structure  had  disappeared.  When  submitted  to 
the  phenolphthalein  test  it  proved  to  be  alkaline,  and  upon  chemical 
examination  it  was  found  to  contain  3.55  per  cent  of  lime  (CaO). 
In  this  case  decomposition  had  progressed  so  far,  it  is  suggested,  that 
the  lime  in  the  leaves,  remaining  constant  in  amount  and  probably 
having  been  changed  to  a  more  soluble  state,  had  neutralized  the 
remaining  acidity.  The  material,  then  becoming  alkaline,  had  pro- 
ceeded to  decompose  with  greater  rapidity,  until  a  real  mold  had  been 
formed. 

The  condition  here  observed  is  doubtless  the  same  as  that  which 
occurs  in  the  drained  bog,  or  so-called  "  muck,"  lands  of  Michigan. 
When  first  plowed  they  will  grow  only  certain  acid-resistant  crops, 
such  as  buckwheat  or  potatoes,  but  later,  as  their  acidity  disappears, 
they  come  to  attain  a  very  high  degree  of  fertility.  It  is  probably  a 
phenomenon  of  similar  character  which  is  taking  place  in  the  drained 
swamp  lands  of  the  lower  Sacramento  River  in  California,  where  the 
soil,  which  is  already  in  a  state  of  remarkable  fertility,  is  becoming 
increasingly  alkaline. 

Here  allusion  may  be  made  to  another  phenomenon,  that  of  the 
occurrence  of  the  swamp  blueberry  and  certain  other  plants,  such 
as  the  purple  lady's-slipper  (Cypripedlum  acaule)  and  the  swamp 
honeysuckle  {Azalea  nudifiora)^  in  two  kinds  of  situations — one  a 
peat  bog,  the  other  a  sandy,  well-drained,  and  often  dry  upland.  The 
favorite  explanation  of  this  phenomenon  among  botanists  is  that  these 
plants  are  naturally  adapted  to  the  drier  situation  and  that  in  the  bog 
they  find  a  situation  of  "  physiological  dryness,"  or  vice  versa. 
While  the  existence  of  physiological  dryness  in  peat  bogs  is  not 
questioned,  the  explanation  that  a  bog  plant  finds  an  upland  situation 
congenial  because  it  is  dry  certainly  will  not  answer  for  the  blue- 
berry. Its  occurrence  in  these  two  habitats  is  dependent  on  the 
acidity  of  both  situations.  These  experiments  have  shown  that  no 
amount  of  dryness  will  make  a  blueberry  flourish  in  an  upland  soil 
if  that  soil  is  not  acid. 

(9)  For  active  growth  the  swamp  bluebebby  bequires  a  well-aerated  soil, 
convebselt,  the  swamp  bluebebby  does  not  continue  in  active  gbowth 
in  a  soil  satubated  with  water. 

In  its  natural  distribution  the  swamp  blueberry  does  not  grow  in 
the  lower,  wetter  type  of  bog.  In  a  typical  leatherleaf  {Cham<ie- 
dafhne  calyculata)  bog,  for  example,  the  swamp  blueberry  is  found 
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remaining  in  the  soil  after  this  treatment  is  known  as  the  moisture 
equivalent  of  that  soil.  A  test  of  kalmia  peat  made  by  Dr.  Lyman 
J.  Briggs,  of  the  Bureau  of  Plant  Industry,  the  originator  of  this 
method  of  measurement,  showed  a  moisture  equivalent  of  142  per 
cent,  as  compared  with  about  30  per  cent  for  clay,  18  per  cent  for 
loam,  and  2  to  4  per  cent  for  sand. 

From  what  has  been  said  it  is  evident  that  fibrous  kalmia  peat 
has  physical  characteristics  that  allow  the  soil  to  be  amply  aerated, 
while  at  the  same  time  holding  abundant  moisture  for  the  supporting 
of  plant  growth. 

In  this  connection  reference  mav  be  made  to  the  influence  of  earth- 
worms  on  potted  blueberry  plants.  Late  in  the  winter  of  1908-9 
it  was  noted  that  among  the  blueberry  seedlings  of  1907,  which  had 
been  brought  into  the  gi*eenhouse,  were  several  in  which  the  growth 
was  feeble,  although  others  of  the  same  lot  were  growing  vigorously. 
It  was  noted  also  that  the  soil  in  the  pots  in  which  the  feeble  plants 
were  growing  contained  earthworms,  as  evidenced  by  the  excre- 
ment or  casts  deposited  by  them  on  the  surface.  The  worms 
themselves  were  easily  found  by  knocking  the  earth  ball  out  of  the 
pot,  and  the  soil  was  seen  to  have  been  thoroughly  worked  over  by 
the  worms. 

It  was  supposed  at  first  that  the  soil  (a  mixture  of  peat  8,  sand  1, 
loam  1)  in  the  process  of  digestion  to  which  it  had  been  subjected 
in  passing  through  the  alimentary  canal  of  the  earthworms  might 
have  become  alkaline  and  for  this  reason  injurious  to  the  blueberry 
plants.  When  tested  with  phenolphthalein,  however,  the  soil  in  the 
pots  containing  earthworms  and  feeble  plants  was  found  to  be  of  the 
same  acidity  as  that  in  the  pots  containing  no  earthworms  and  with 
vigorously  growing  plants.  Furthermore  the  fresh  casts  themselves 
were  of  a  similar  degree  of  acidity. 

The  texture  of  the  soil,  however,  in  the  pots  containing  worms  was 
very  different  from  that  in  the  others.  It  was  plastic,  very  fine 
grained,  almost  clayey,  the  organic  portion  having  been  very  finely 
ground  evidently  in  passing  through  the  gizzard  and  other  digestive 
apparatus  of  the  earthworms.  The  aeration  of  the  soil  in  this  condi- 
tion must  have  been  far  poorer  than  in  the  coarser  soil  containing  a 
large  amount  of  leaf  fragments  not  worked  over  by  worms,  and  it 
may  be  that  the  difference  in  growth  of  the  blueberry  plants  was  due 
to  the  difference  in  aeration.  It  is  not  bv  anv  means  certain,  however, 
that  the  plants  in  the  pots  containing  earthworms  may  not  have  been 
injured  directly  through  the  eating  of  their  rootlets  by  the  worms. 

(12)  Akration  conditions  satisfactory  for  the  swamp  blueberry  are  found 
in  masses  of  livp:,  moist,  but  not  submerged  sphagnum. 

In  some  swamps  the  water  level  remains  permanently  above  the 
general  surface  of  the  ground.     \Mien  the  swamp  blueberry  occurs 
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in  such  situations  it  grows  on  hummocks  the  summits  of  which  stand 
above  the  water  during  the  growing  season.  Unless  the  water  level 
is  extremely  variable  or  the  ground  is  densely  shaded,  these  hum- 
mocks are  usually  covered  with  a  cushion  of  live  sphagnum  moss.  It 
is  a  peculiarity  of  this  moss  that  it  absorbs  water  with  great  avidity ; 
indeed,  sphagnum  is  one  of  the  most  absorbent  substances  known.  If 
one  end  of  a  nearly  dry  branch  of  sphagnum  is  brought  into  contact 
with  a  little  water,  the  whole  branch  becomes  wet  almost  instantly. 
The  water  rushes  along  with  marvelous  rapidity  through  the  cells 
of  the  plant  and  especially  through  the  interstices  between  the  minute 
overlapping  leaves.  The  white  air  spaces  between  the  half  dry  leaves 
flash  out  of  existence  one  after  the  other  like  candle  flames  in  a  gust  of 
wind.  The  same  ability  to  absorb  water  is  characteristic  of  masses  of 
this  plant  If  the  lower  part  of  a  cushion  of  sphagnum  is  in  contact 
with  free  water  the  fluid  is  conveyed  from  stem  to  branch  and  from 
plant  to  plant  in  efficient  amount  to  render  the  whole  mass  as  wet  as 
a  sponge.  When  one  squeezes  a  handful  of  such  moss  taken  perhaps 
a  foot  or  more  above  the  source  of  moisture  the  water  runs  out  in 
streams.  A  sample  of  live  sphagnum  with  less  moisture  than  usual 
but  still  with  enough  to  maintain  itself  in  a  growing  condition  was 
found  to  contain  991  per  cent  of  water,  computed  on  the  dry  weight 
of  the  sphagnum,  while  saturated  live  sphagnum  carried  4,005  per 
cent  of  water.  On  the  basis  of  its  dry  weight,  therefore,  sphagnum 
contains  about  ten  times  as  much  water  as  pieat,  which  itself  contains 
about  six  times  as  much  as  ordinary  loam  and  about  thirty-five  times 
as  much  as  sand. 

The  innumerable  extracapillary  air  spaces  between  the  branches  of 
sphagnum  plants  and  between  the  plants  themselves  furnish  good 
aeration,  even  when  the  individual  branches  are  saturated  with  water. 
When  the  moisture  is  less  the  aeration  is  still  better.  The  cushion  of 
sphagnum  on  a  hummock  tends  to  build  itself  up  by  the  gradual 
process  of  growth  and  decay  to  the  maximum  height  to  which  .it  can 
convey  the  large  amount  of  water  required  for  its  growth,  and  an 
increasing  degree  of  aeration  is  found  from  the  water  line  upward. 

If  the  sphagnum  cushion  on  a  blueberry  hummock  is  examined  the 
whole  mass  will  be  found  interlaced  with  the  minute  rootlets  of  the 
blueberry,  far  above  the  level  of  the  underlying  soil.  The  conditions 
of  permanent  moisture  and  thorough  aeration  found  in  these  sphag- 
num cushions  seem  to  be  almost  ideal  for  the  development  of  blueberry 
roots. 

It  must  not  be  assumed  that  the  vigorous  growth  of  blueberry 
roots  in  sphagnum  is  due  to  any  high  nutritive  quality  of  the  sphag- 
num itself.  Such  a  conclusion  would  be  erroneous.  When  set  out 
in  sphagnum  and  watered  with  tap  water,  blueberry  plants  remain 
healthy  and  develop  a  very  large  root  system,  but  the  stems  do  not 
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grow  as  luxuriantly  as  when  the  plants  are  in  a  peat  soil.  From 
experiments  with  the  growing  of  blueberries  in  i>and  watered  with 
peat  water  it  is  known  that  such  water  furnishes  the  food  materials 
necessary  for  vigorous  growth.  It  is  reasonable  to  conclude,  there- 
fore, that  the  chief  nourishment  of  a  blueberry  plant  growing  on  a 
pure  sphagnum  hummock  comes  from  the  bog  water  sucked  up  by 
the  sphagnum  and  not  from  the  sphagnum  itself. 

PECrUARlTIES  OF  NIITBITION. 


UOtSTUBB  AND  FOOD. 

The  structure  of  the  rootlets  of  ordinary  agricultural  plants  may 
be  understood  by  reference  to  figures  11  to  13,  whi(A  illustrate  these 
organs  as  they  occur  in  a  wheat  seedling  germinated  between  layers 
of  moist  blotting  paper.    Attention  is  directed  particulariy  to  the 


I 


Flo.  il.^Boot  at  a  wheal  plant.  Bhowlng  the  root  hatr«.     (Natural  ilw.) 
ria.  12. — Portion  or  a  wheal  root,  with  root  halra.     (Bnlargpd  10  dtametcrB.) 
FiQ.  13. — Tip  at  the  root  bair  of  a  wheat  plaot.     (EDlargcd  1,00«  dlaimetera.) 

root  hairs.  It  will  be  observed  that  the  wall  of  the  root  hair  is  vary 
thin,  appearing  in  optical  section  as  a  mere  line  with  barely  measur- 
able thickness,  even  when  highly  magnified.  Furthermore,  the  sur- 
face area  of  the  root  hairs  is  many  times  greater  than  that  of  the  root 
itself.  The  chief  function  of  these  root  hairs  is  to  absorb  for  the 
\ise  of  tlie  plant  the  soil  moisture  and  the  plant-food  materials  dis- 
solved in  it,  a  function  which  tlie  root  hairs  are  enaUed  to  perform 
with  great  efficiency  because  of  the  two  characteristics  just  men- 
tioned— their  large  surface  area  and  the  thinness  of  their  walls. 

The  rootlets  of  the  blueberry  are  remarkable  in  having  no  root 
hairs  whatever,  as  may  be  seen  by  reference  to  figures  14  to  IC.  The 
walls  of  the  superficial,  or  epidermal,  cells  of  the  rootlets  are  thick, 
measuring  0.00005  to  0.0001  of  an  inch  (1.3  to  2.5  |»),  while  the  walls 
of  the  root  hairs  of  wheat  are  one-fourth  to  one-sixth  as  thick, 
.=0  thin,  in  fact,  that  they  could  be  measured  only  with  difficulty 
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erak  when   enlarged   5,900   diameters.     Notwithstanding   the    fact, 
iheiriture,  that  the  blueberry   roots  are  fine   and   numerous,  their 
ictual  absorptive  capacity   would   appear 
to  be  small,  in  cimsequence  of  the  absence 
of  root  hairs. 

It  is  found  by  a  computation  that  a  sec- 
tion of  a  blueberry  rootlet  having  no  root 
hairs  pret<ents  about  one-tenth  the  ubsorp- 
tive  surface  of  an  equal  area  of  a  wheat 
rootlet  bearing  rvx>t  hairs,  and  the  thick- 
iwEs  of    the    surface    membranes    in    the 

wheat  is  certainly  not  more  than  a  quarter  fio.  14.— Root  ot  a  biueberrr 
that  in  the  biudwrry.     Furthermore,  the  "'"""■    '^""""»'»^' 

blueberry  rootlet  grows  only  about  0.04  inch  (1  mm.)  a  day  under 
favorable  conditions,  while  the  wheat  rootlet  often  grows  twenty 
limes  as  imsL.  In  all  this  provision  for  rapid  food  absorption  in  the 
one  plant  and  retarded  at^rplion  in  the  other  we  find  a  reason  for 


the  coMparatively  very  slow  rate  of  stem  growth  that  chanicterizcs 
tW  Matberry  plant.  The  importance  of  kIow  root  absorption  and 
the  danger  to  which  these  plants  would  be  subjected  if  their  roots 
•bwrbed  water  rapidly  are  discussed  on  page  50. 
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The  young  rootlets  of  the  blueberry  before  they  branch  are  ex- 
ceedingly slender,  varying  from  0.002  to  0.003  of  an  inch  (50  to  75  fi) 
in  diameter.  This  makes  them  very  susceptible  to  actual  drying  and 
they  are  easily  killed  by  it.  This  characteristic  has  an  important 
bearing  on  the  treatment  of  these  plants  when  in  pots.  The  matter 
is  discussed  on  pages  66  to  67. 

(14)  The  rootlets  of  healthy  plants  of  the  swamp  bluebebby  abe  inhab- 
ited BY  A  FUNGUS,  OF  THE  SOBT  KNOWN  TECHNICALLY  AS  AN  ENDOTBOPHIC 
MYCOBBHIZA.<> 

As  already  stated,  the  ultimate  rootlets  of  the  blueberry  are  very 
fine,  their  diameter  varying  from  0.002  to  0.003  of  an  inch  (50  to  75  fi). 
In  rootlets  of  the  smaller  size  about  three  rows  of  epidermal  cells  are 
visible  in  a  lateral  view,  in  the  larger  rootlets  about  five  rows.  In  a 
newly  grown  rootlet  not  contaminated  with  soil  particles  these  epi- 
dermal cells,  and,  indeed,  all  the  underlying  cells  as  well,  are  as  trans- 
parent as  glass,  and  were  it  not  for  the  difficulties  due  to  the  refrac- 
tion of  light  the  examination  of  the  contents  of  the  cells  would  not  be 
difficult.  As  a  matter  of  fact  the  study  of  the  contents  of  the  live 
cells  is  difficult,  their  intelligent  examination  requiring  the  use  of  an 
oil  immersion  objective  and  microscopic  enlargements  of  1,000  to 
1,500  diameters.  The  darkened  window  installation  for  a  microscope, 
devised  by  Dr.  N.  A.  Cobb,  of  the  Bureau  of  Plant  Industry,  and 
used  in  his  laboratory,  has  been  found  almost  indispensable  in  this 
work. 

Clean  rootlets  may  be  procured  readily  from  active  blueberry 
plants  in  the  open  spaces  between  half-rotted  leaf  blades,  in  clean 
sand,  in  live  sphagnum,  or  at  the  outer  surface  of  the  ball  of  soil  in 
earthen  pots.  Rootlets  taken  from  live  sphagnum  are  especially  clean. 
They  are  conveniently  studied  when  simply  placed  in  water  on  a 
microscope  slide  under  a  thin  cover  glass  held  in  place  by  a  ring  of 
paraffin. 

Ordinarily  the  only  thing  visible  in  one  of  the  live  epidermal  cells  is 
the  minute  cell  nucleus  lying  close  to  the  cell  wall.  The  protoplasmic 
membrane  lining  tlie  cell  is  very  thin  and  is  invisible  except  where  it 
is  thickened  to  envelop  the  nucleus.  The  remainder  of  the  cell  is 
filled  with  the  colorless  cell  sap.  An  examination  with  medium  en- 
largements will  show  some  of  the  cells  faintly  clouded  in  appearance, 
A  higher  power,  such  as  is  afforded  by  a  2-mm.  oil  immersion  objec- 
tive and  a  12-mm.  eyepiece,  with  proper  illumination,  will  resolve  the 
cloudiness  into  a  mass  of  fungous  threads,  or  hyphse.  These  may  be 
few,  making  only  two  or  three  irregular  turns  about  the  interior  of 
the  cell,  as  occasionally  found,  or  they  may  be  more  numerous,  even 
occupying  the  whole  sap  space,  as  shown  in  figure  17,  in  a  dense  knot 

<*The  spelling  mycorhiza  is  alpo  in  good  standing  and  Is  used  In  many  German, 
English,  and  American  botanical  works. 
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of  interwoven  and  irregular  snakelike  coils.    These  hyphie  are  about 
0.00006  to  0.00012  of  an  inch  (1.5  to  3  ft)  in  diameter. 

On  the  outer  surface  of  the  cells  containing  these  fungous  threads 
others  of  similar  or  a  little  greater  thickness  may  be  observed.  Some- 
times they  are  tranHimrent  and  their  detection  requires  the  same  high 
power  of  the  microscope  as  do  those  in  the  interior  of  the  coMh. 
Sometimes,  however,  these  exterior  threads  have  a  pale-brown  color 
and  are  then  readily  seen.  Their  surface  is  smooth,  devoid  of  mark- 
ings of  any    bind.    Ordinarily    the 

thread  wanders  loosely  along  the  sur-  ' 

face  of  the  root  giving  off  an  occa- 
sional branch  and  having  an  occa- 
sional septum.  Sometimes  the 
threads  and  their  branches  may  form 
an  open  network  about  the  rootlet, 
but  they  never  form  a  dense  sheath  of 
bypha:  such  a.s  is  cliaracteristic  of  the 
mycorrhiza  of  the  oak.  .^ 

The  connection  between  the  exter- 
nal and  the  internal  hyphse  is  not 
easj-  to  see  at  a  single  observation, 
for  the  passage  of  the  hyphse  through 
the  cell  wall  is  rarely  caught  in  op- 
tical section,  and  even  then  a  clear 
obsenation  is  usually  rendered  diffi- 
oilt  because  of  refraction.  A  very 
dear  case,  however,  was  observed  in  a 
rootlet  of  laurel  {Kalmia  latifolia),  a 
shrub  which  has  &  mycorrhizal  fun- 
pis  similar  to  that  of  the  blueberry. 
A  drawing  of  that  specimen  is  shown 
in  figure  18. 

The  passage  of  the  fungus  through 
the  cell  wall  may  frequently  be  ob- 
Ben-ed  in  the  blueberry  by  first  focus- 
ing on  the  external  hypha  at  a  point 
where  it  appears  to  have  a  lateral  hump  or  a  very  short  branch,  and 
then  focusing  slowly  downward.  In  this  way  one  passes  from  the 
fxtoTial  to  the  internal  part  of  the  fungus,  having  had  some  portion 
of  the  intervening  hypha  continuously  in  view.  The  hypha  always 
"ppears  much  constricted  at  the  point  where  it  goes  tlirough  the 
fell  wall. 

This  fungus  is  of  the  type  named  by  Frank  in  1887  an  endotrophie 
fnycorrhiza  to  distinguish  it  from  an  ectotrophic  mycorrhiza,  such 


Fia.  IT.— Mycorrblial  fimfiiiH  of 
berrr  plant  den  self  orowdcd 
epidermal  oeMs  of  the  root, 
larged  about   1.2O0  (HamettTJ 
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as  occurs  on  the  roots  of  oaks.  In  the  latter  type  of  mycoirhiza  the 
hyphse  of  the  fungus  form  a  dense  sheath  around  tlie  rootlet,  onn- 
pletdi;  shutting  it  off  from  direct  contact  with  the  surrounding  soil. 
The  loose  hyphfc  on  the  outside  of  the  sheath  resemble  root  b«irs 
and  it  is  supposed  to  be  a  part  of  their  function  to  abs(H4i  soil  mois- 
ture and  transmit  it  to  the  oak  rootlet  just  as  root  hairs  do. 

It  has  not  yet  been  possible,  for  want  of  time,  to  study  the  life 
luHlory  of  thi«  mycorrhizal  fungus  of  the  blueberry.    There  is,  how- 
ever, a  clew  to  its  identity  in  the  work 
«)f  Miss  Charlotte  Terneti,   Ph.    T)., 
described  on  page  49. 

The  experiments  thus  far  made  do 
not  warrant  a  supposition  that  any 
good  peat  soil  requires  inoculation 
with  the  mycorrhizal  fungus  before 
blueberry  plants  will  grow  well  in  it. 
The  fungus  appears  either  to  be  al- 
ready in  the  soil  or  to  aocompany  the 
seeds  when  they  are  sown  in  it. 
(16)  The    mycobbhteal    pvnccs    of    the 

BWAUP  BLCEBEBBV  APPEAB8  TO  HAVK 
VO  inJDBIOUB  IFPE<7T.  BITT  BATHEB  A 
BENEFICIAL    EFFECT,    VPON    THE    BLUE- 


Pia.  18. — MTOorrhiial  fuDjtUB  of  Kal- 
ntla  tatlfoUa  In  an  epidermal  n 
the  root:  a,  CeUwalls;  6,eilerna1 
hjphffi  of  the  mjcorrhlial  fungus; 
0.  internal  liypti»  ;  rt,  point  of  pene- 


The  epidermal  cells  in  which  the 
mycorrhizal  fungus  occurs  are  not 
swollen  nor  distorted,  nor  do  their 
contents  collapse  or  show  any  of  the 
other  effects  usually  produced  by 
pathological  fimgi.  They  appear  to 
differ  in  no  respect  from  other  epi- 
dermal ce'ls  of  the  blueberry  rootlets. 
In  rapidly  growing  rootlets  the  fun- 
gus seems  not  to  be  able  to  keep  pace 
with  the  nH)tlet  itself  and  may  not 
occur  for  a  considerable  distance  back 
from  the  growing  tip.  The  fungus-filled  cells  ordinarily  are  most 
numerous  on  cei'tain  small,  short,  and  crooked  lateral  rootlets  the 
growth  of  which  is  slow.  When  root  growth  of  a  vigorous  plant  is 
retarded  or  becomes  even  stagnated,  the  fungus  may  invade  the  epi- 
dermal cells  to  the  very  apes.  Sometimes  half  the  ceils  in  -such  a 
rootlet  are  gorged  with  fungi,  yet  the  delicate  cell  walls  show  no 
displacement  or  distortion.  There  is  no  indication  whatever  that 
the  fungus  causes  any  pathological  disturbance  or  is  in  any  way 
obnoxious  to  the  plant.    On  the  contrary,   the  uniformity  with 


mycorrlilml 
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which  it  has  been  found  to  occur  on  healthy  plants  and  its  frequent 
absence  or  scarcity  on  sickly  plants  are  facts  suggestive  of  a  bene- 
ficial influenca    The  nature  of  this  beneficial  influence  is  discussed 
on  pages  48  to  50. 
(16)  The  acid  peaty  soils  iw  which  the  swamp  blueberry  thrives  are  de- 
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FICIEWT  IN  "AVAILABLE       NITROGEN,  ALTHOUGH  CONTAINING  LARGE  AMOUNTS 


OF  "  NON AVAILABLE  "   NITROGEN. 


Ordinary  agricultural  plants  absorb  their  nitrogen  from  the  soil 
in  the  form  of  nitrates.  Whether  any  are  able  to  utilize  directly 
other  forms  of  nitrogen,  particularly  ammonia  nitrogen,  has  been  the 
subject  of  much  experiment  and  of  discussion  by  many  authors.  It 
is  true  in  general,  however,  that  the  common  plants  of  agriculture 
when  their  other  food  requirements  are  satisfactory  make  their 
growth  in  direct  proportion  to  their  ability  to  secure  their  nitrogen 
in  the  form  of  nitrates.  For  this  reason  the  processes  of  agriculture 
are  largely  devoted  to  the  securing  and  maintenance  of  conditions 
that  will  bring  about  the  transformation  of  nonavailable  nitrogen 
into  nitrates.  Soils  in  which  this  can  not  be  done  without  great 
expense  in  proportion  to  their  productiveness  are  generally  con- 
sidered poor. 

The  acid  soik  in  which  wild  blueberries  thrive  are  always  looked 
upon  as  infertile  in  their  natural  state,  and  unless  these  soils  are 
extensively  manipulated  cultivated  plants  do  not  do  well  in  them. 
\Miether  or  not  a  part  of  this  infertility  is  due  to  the  directly  injuri- 
ous effect  of  acid  or  other  poisonous  substances,  it  is  known  that  the 
conditions  existing  in  these  soils  are  directly  antagonistic  to  the  for- 
mation of  nitrates.  (See  p.  47.) 

That  kalmia  peat,  the  soil  found  in  these  cultures  to  be  most  suc- 
cessful for  blueberries,  is  deficient  in  nitrates,  although  containing  an 
abundance  of  nitrogen  in  other  forms,  is  shown  by  the  following 
nitrogen  determinations: 

* 

TOTAL   NITROGEN    IN    KALMIA  FEAT. 

( Deter luinatiouB  made  by  Mr.  T.  C.  Trescott.) 

Sample.  IVr  cent. 

1 0.  05 

2 1.  4(5 

3 1.  IS 

4 1. 15 

5 1.40 

6 1.  12 

Average  of  total  nitrogen 1. 21 
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NITBOOEN  IN  KALMIA  FEAT  IN  THE  FOBM  OF  NITBATES. 

(Determinations  made  by  Mr.  Karl  F.  Kellerman.) 
Sample.  Per  cent. 

7 0.  0012 

8 .0022 

9 .0008 

10_^ .0013 

11_^ .0025 

12 .0008 

Average  of  nitrate  nitrogen .  0015 

(17)  The  deficiency  of  available  nitbooen  in  the  acid  peaty  soil  in  which 

THE  SWAMP  BLUEBEBBY  GBOWS  BEST  IS  DUE  TO  THE  INABILITY  OF  THE  NITRI- 
FYING BACTERIA  TO  THRIVE  IN   SUCH  A  SOIL  BECAUSE  OF  ITS  ACIDITY. 

In  order  to  understand  the  conditions  antagonistic  to  nitrification 
which  exist  in  good  blueberry  soils  it  is  necessary  first  to  discuss  the 
source  and  transformation  of  nitrogen  in  ordinary  soils. 

The  available  nitrogen  in  the  soil,  such  as  is  absorbed  by  an  ordi- 
nary plant,  is  commonly  derived,  unless  fertilizers  have  been  ap- 
plied, from  the  decomposition  of  the  humus  contained  in  the  soil, 
and  the  humus  is  itself  a  product  of  the  decomposition  of  plant  and 
animal  remains.  These  remains  consist  ordinarily  and  chiefly  of  the 
partially  rotted  leaves,  stems,  and  roots  of  plants. 

In  the  older  agricultural  literature  the  name  humus  was  applied 
to  a  particular  kind  of  soil  which  is  more  properly  covered  by  the 
terms  vegetable  mold,  leaf  mold,  and  woods  mold.  (See  p.  24.) 
Later  the  application  of  the  word  humus  was  restricted  to  that  por- 
tion of  a  soil  consisting  of  the  plant  and  animal  remains,  in  whatever 
stage  of  decomposition.  The  proper  designation  of  these  remains  is, 
however,  organic  matter.  In  the  sense  just  described  the  word  humus 
is  still  frequently  used,  but  not  with  correctness  and  precision. 
Humus,  as  now  understood  by  agricultural  chemists,  represents  a 
stage  in  the  decomposition  of  organic  matter  in  which  the  cellular 
structure  has  wholly  disappeared  and  the  original  substance  is  or  at 
some  stage  has  been  entirely  dissolved. 

Since  it  is  often  necessary  to  allude  to  organic  matter  in  the  earlier 
stage,  as  distinguished  from  organic  matter  as  a  whole,  which  in- 
cludes the  humus  stage  as  well,  the  term  cellular  organic  matter,  or, 
more  simply  still,  cellular  matter,  is  suggested  as  a  convenient  desig- 
nation. In  cellular  matter  the  cellular  structure  of  the  animals  or 
plants  still  remains  and  may  be  detected  either  by  the  eye  or  by  the 
microscope. 

Humus,  which  is  a  complex  mixture  of  diverse  substances,  does  not 
ordinarily  exist  in  the  soil  in  a  dissolved  condition,  but  is  usuallv 
combined  with  lime  or  magnesium.  The  resultant  compounds,  often 
indiscriminately  blanketed  under  the  names  calcium  and  magnesium 
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bamate,  are  not  soluble  in  water,  but  form  a  usually  black  precipitate, 
which  gives  a  dark  color  to  the  soil. 

To  extract  its  humus  a  soil  is  first  washed  with  dilute  acid,  by 
which  the  lime,  magnesium,  or  other  humus-precipitating  substance  is 
dissolred  and  leached  away.  The  humus  itself  is  then  removed  from 
the  soil  by  long-continued  washing  with  a  weak  solution,  commonly 
4  per  cent,  of  ammonia.  Upon  the  application  of  this  treatment  to 
kahnia  peat  an  inky-black  extract  is  secured.  When  this  is  evap- 
orated to  dryness  the  residue  is  a  black  substance  which  when  scraped 
from  the  dish  resembles  coal  dust  or,  even  more  closely,  burned  sugar. 
This  substance  is  one  of  the  forms  of  humus.  It  absorbs  water  read- 
ily, aijsuming  the  texture  of  thin  jelly.  It  has  a  somewhat  sooty  odor 
and  taste.  It  dissolves  in  water,  the  solution  being  acid  in  reaction. 
A  liter  of  water  in  which  had  been  dissolved  a  gram  of  humus  ex- 
tracted from  kalmia  peat  showed  when  tested  a  0.002  normal  acidity. 
Such  a  solution  is  black  unless  viewed  in  a  thin  layer,  and  when 
dilated  to  10,000  c.  c.  it  has  a  brown  color  similar  to  that  of  ordinarv 
cider  vinegar.  If  lime  is  added  to  the  solution  the  humus  unites  with 
h  and  is  thrown  down  as  a  black  precipitate,  leaving  the  liquid  clear. 
As  stated  in  the  preceding  paragraph,  it  is  in  such  a  precipitated  and 
neutral  or  alkaline  form  that  humus  ordinarily  occurs.  The  charac- 
teristic brown  color  of  the  water  in  bogs  indicates  an  acid  condition, 
the  presence  of  humus  in  solution,  and  the  absence  of  soluble  lime. 

The  process  of  decomposition  by  which  cellular  matter  is  trans- 
formed into  humus,  in  which  the  cellular  structure  has  entirely  dis- 
appeared, is  known  as  humification. 

Humus  contains  nitrogen,  but  the  nitrogen  is  not  in  the  form  of 
fiitrates  and  therefore  can  not  be  assimilated  by  ordinary  plants. 
The  transformation  of  humus  nitrogen  into  nitrates  occurs  during  a 
farther  process  of  decomposition  known  as  nitrification. 

The  nitrification  of  humus  is  brought  about  by  certain  bacteria 
ifhich,  growing  in  the  humus-laden  soil  under  suitable  conditions, 
produce  first  ammonia,  then  nitrites,  and  then  nitrates.  In  artificial 
cultures,  in  addition  to  proper  conditions  of  temperature,  moisture, 
wd  good  aeration,  these  nitrifying  bacteria  require  for  vigorous 
growth  a  neutral  or  slightly  alkaline  medium.  In  a  distinctly  acid 
i&edium  the  nitrifying  bacteria  grow  little  or  not  at  all. 

In  order  to  ascertain  the  degree  of  nitrification,  if  any,  taking  place 
IB  kalmia  peat,  a  series  of  nitrification  tests  of  this  material  was  made 
fcy  Mr.  Karl  F.  Kellerman.  These  tests  showed  that  neither  in  fresh 
peat  nor  in  peat  rotted  for  three  months  was  nitrification  in  progress, 
h«t  when  the  acidity  of  the  peat  was  neutralized  by  the  addition  of 
lime  nitrification  began. 
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(IS)  FbOM  the  evidence  at  hand  the  PBESUMFTION  18  THAT  THE  MTCOMIHIBAI. 
FUNGUS  OF  THE  SWAMP  BLUEBERBT  TBAN8FOBMS  THE  NONATAUABLE  irHW»- 
GEN  OF  PEATY   SOILS  INTO  A  FOBIC  OF  NITBOGEN  AVAILABLE  lOB  THE   HOUK- 

ISHMENT   OF   THE   BLUEBEERY   PLANT. 

It  is  a  well-established  principle  of  plant  physiology  that  (with  the 
possible  exception  of  a  few  bacteria)  those  plants  which  contain  do 
chlorophyll,  the  green  coloring  matter  of  leaves,  are  unable  to  grow 
with  mineral  nutrients  alone,  since  they  are  unable  to  manufacture 
their  own  carbohydrates.  Plants  without  chlorophyll,  including  the 
fungi,  are  dependent  for  the  fundamental  part  of  their  nourishm^it 
on  the  starch  or  other  related  carbohydrates  originally  elaborated 
from  carbon  dioxid  and  water  by  the  chlorophyll-bearing  plants. 
They  also  differ  from  the  higher  plants  in  being  able  to  supply  their 
nitrogen  requirements  directly  from  organic  nitrogen  compounds. 

Fungi  may  be  directly  parasitic  on  a  chlorophyll-bearing  plant,  as 
in  the  case  of  the  mildew  fungus  of  rose  leaves,  or  they  may  grow  on 
substances  derived  from  chlorophyll-bearing  plants,  such  as  bread 
or  jelly. 

Fungi  are  particularly  abundant  in  the  decaying  vegetable  matter 
forming  the  leaf  litter  of  a  forest,  even  though  this  litter  may  be 
distinctly  acid  in  its  chemical  reaction.  They  are  known,  indeed, 
to  grow  luxuriantly  on  vegetable  remains  containing  no  nitrates  and 
of  such  acidity  that  nitrification,  or  the  conversion  of  the  humus 
nitrogen  into  nitrates  by  means  of  bacteria,  can  not  take  place. 

That  the  mycorrhizal  fungi,  like  other  fungi,  are  able  to  extract 
nitrogenous  food  from  the  nonnitrified  organic  matter  with  whidi 
their  external  j^ortions  are  in  contact  is  a  reasonable  supposition.  It 
is  furthermore  a  reasonable  supposition  that  the*  blueberry  plant  is 
able  to  absorb  nitrogenous  material  from  the  internal  portion  of  its 
mycorrhiza ;  for  we  know  that  the  clover  plant  is  able  to  absorb  nitro- 
gen under  essentially  the  same  conditions  from  the  nitrogen-fixing 
bacteria  growing  in  its  root  tubercles. 

To  establish  by  direct  experiment  the  ability  of  the  mycorrhizal 
fungus  of  the  blueberry  to  act  ir.  accordance  with  the  suppositioD 
outlined  above,  the  fungus  should  be  separated  from  the  plant  and 
grown  by  itself  in  suitable  nutrient  media.  Preliminary  trials  were 
made  to  isolate  the  fungus,  but  without  success,  and  a  lack  of  time 
has  prevented  thus  far  the  pursuit  of  that  branch  of  the  experiments. 


(10)   It  is  possiblf:  that  the  mycorrhizal  fungus  of  the  swamp 

transforms  the  free  nitrogen  of  the  atmosphere  into  a  foam  of 
nitrogen  suited  to  the  use  of  the  blueberry  plant. 

The  fact  of  the  fixation  of  atmospheric  nitrogen  by  the  bacteria 
inhabiting  the  root  tubercles  of  clovers  is  now  well  known,  and  we 
are  able  to  understand  how  the  abundant  nitrogen  of  the  air,  unavail- 
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tble  for  the  direct  nutrition  of  ordinary  plants,  is  made  available  for 
the  use  of  leguminous  crops. 

It  is  not  so  generally  known  that  there  are  in  soils  certain  species 
of  bacteria  not  connected  with  the  roots  of  plants  which  also  possess 
the  faculty  of  taking  up  the  nitrogen  of  the  air  and  making  it  over 
into  plant  food.  The  extent  of  the  distribution  of  these  organisms  and 
the  amount  of  nitrogen  fixation  effected  by  them  are  not  fully  known, 
but  the  fact  that  such  action  does  take  place  and  that  the  bacteria 
causing  it  occur  in  many  localities  has  been  well  established  by  the 
experiments  of  several  investigators.  The  bacteria  of  this  class  most 
fully  investigated  are  Clostridium  pasteurianum^  A20tohacter  chro- 
ococcttm^  and  several  other  species  of  this  latter  genus. 

It  has  been  shown  also  that  certain  fungi,  such  as  Penicillium 
gl^nicunuy  possess  this  same  power  of  assimilating  atmospheric 
nitrogen. 

After  the  writer  had  discovered  the  mycorrhizal  fungus  of  the 
swamp  blueberry  in  December,  1907,  and  while  he  was  making  obser- 
vations on  it,  his  attention  was  called  to  the  work  of  Miss  Charlotte 
Ternetz  on  the  mycorrhizal  fungi  of  certain  related  European  plants. 
Miss  Ternetz  published  in  1904  a  paper  «  in  which  she  made  the  pre- 
liminary announcement  that  a  fungus  isolated  from  the  roots  of  the 
European  cranberry  (Oxycocciis  oxy coccus)  had  developed  pycnidia 
and  that  the  mycelium  produced  from  spores  from  these  pycnidia  when 
grown  in  a  nitrogen-free  nutritive  solution,  but  with  full  access  to  air, 
showed  upon  analysis  that  it  had  assimilated  free  atmospheric  nitro- 
gen to  the  extent  of  0.6  per  cent  of  the  dry  weight  of  the  mycelium. 
The  fungus  consumed  only  one-eighth  as  much  dextrose  in  assimi- 
lating a  given  amount  of  nitrogen  as  was  consumed  by  Clostridium 
pastevriamini.  Similar  but  not  identical  fungi  were  isolated  from 
other  related  plants. 

In  1907,  in  a  more  detailed  account  of  her  investigations,^  Miss 
Ternetz  described,  as  new  species  of  Phoma,  five  pycnidia-bearing 
fungi  bred  from  the  roots  of  the  European  cranberry  {Oxycoccus 
oxycoccus),  the  marsh  rosemary  {Andromeda  polifolia)^  two  species 
of  heather  (Erica  tetralix  and  E.  camea) ,  and  the  mountain  cranberry 
{Vaccinium  intisidaea).  She  was  unable  to  demonstrate  absolutely 
that  these  fungi  were  identical  with  the  endotrophic  mycorrhiza  of 
the  host  plants  because  (1)  it  was  extremely  difficult  to  observe  the 
fungous  threads  of  the  internal  mycorrhiza  grow  through  the  cell 
wall  of  the  rootlets  into  the  culture  medium  without,  and  (2)  be- 

*  Ternetz,  Charlotte,  Ph.  D.  Assimilation  des  atmosphiirischeu  Sticlsstoffs 
dvrcfa  einen  torfbewohnenden  Pilz.  Berichte  der  Deutschen  Botanlschen 
G«flellflcliaft  vol.  22,  1904,  pp.  267-274. 

^Temetx,  Charlotte,  Ph.  D.  Ueber  die  Assimilation  des  atmosphilrischen 
Sttckstoffea  durch  Pilze.  JahrbOcher  ftir  Wissenschaftliche  Botanik,  vol.  44, 
1907,  pp.  35a-40a 
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cause  when  she  proposed  to  inoculate  mycorrhiza-free  seedlings  of 
the  host  plants  with  spores  from  the  pycnidia  that  formed  in  her 
cultures  she  was  unable  to  grow  any  seedlings  that  were  free  from 
mycorrhiza. 

Notwithstanding  the  lack  of  an  absolute  demonstration  that  the 
nitrogen-fixing  fungi  grown  by  Miss  Ternetz  were  identical  with 
the  mycorrhizal  fungi  of  their  hosts,  it  is  regarded  as  quite  possible 
that  the  mycorrhizal  fungi  that  occur  in  perhaps  all  plants  of  the 
heather  and  blueberry  families,  including  the  swamp  blueberry,  are 
nitrogen  fixers,  and  that  the  host  plants  absorb  this  nitrogen,  giving 
in  exchange,  for  the  use  of  the  fungus,  sugar  or  some  other  carbo- 
hydrate. 

The  experiments  thus  far  described  in  the  present  paper,  and  the 
accompanying  discussions,  appear  to  warrant  the  following  theory 
of  the  method  of  nutrition  of  the  swamp  blueberry: 

(a)  The  swamp  blueberry  grows  in  peaty  soils  which  contain 
acid  or  other  substances  iK)isonous  to  plants. 

(b)  As  a  protection  against  the  absorption  of  amounts  of  these 
poisons  great  enough  to  pn)ve  fatal,  this  plant,  like  many  other  l)og 
and  acid-soil  plants,  is  devoid  of  root  hairs  and  consequently  has  a 
restricted  capacity  for  absorbing  soil  moisture.  This  low  absorptive 
capacity  is  correlated  with  a  low  rate  of  transpiration.  Many  bog 
shrubs,  although  living  with  an  abundant  supply  of  moisture  at  their 
roots,  have  been  recognized  as  showing  adaptations  for  retarded 
transpiration  similar  to  desert  plants. 

{c)  The  special  danger  to  which  the  swamp  blueberry  is  exposed 
by  reason  of  its  low  transpiration  and  its  corresponding  reduced 
capacity  for  absorption  is  insufficient  nutrition.  The  danger  of 
nitrogen  starvation  is  particularly  great  since  these  soils  contain  very 
little  nitrates. 

(d)  Some  bog  plants  similarly  threatened  with  insufficient  nutri- 
tion, such  as  the  sundews  (Drosera),  the  bladderworts  (Utricularia), 
and  the  pitcher  plants  (Sarracenia),  possess  means  of  securing  the 
requisite  nitrogen  by  catching  insects  and  digesting  and  absorbing, 
their  nutritive  parts. 

(e)  In  the  swamp  blueberry  the  required  nitrogen  is  secui'ed  in 
a  different  way.  The  plant  associates  with  itself  a  mycorrhizal 
fungus  which  is  able  to  assimilate  nitrogen  from  the  surrounding 
organic  matter,  and  j)erha[)s  from  the  atmosphere  also,  and  to  convey 
it  into  the  plant  without  taking  along  with  it  a  large  amount  of 
the  poisonous  soil  moisture. 

Whether  this  theory  of  the  nutrition  of  the  swamp  blueberry  is  or 
is  not  substantiated  in  all  its  details  by  future  investigation,  it  has 
afforded  a  useful  basih  for  cultural  experimentation,  as  will  be  evident 
from  the  results  about  to  be  described. 
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A  METHOD  OF  POT  CULTURE. 

(2IM    SfJLDS    or    TIIH    8WAMI>    BLri>3ERRY     SOWN    IN    AUGUST    FROM     FR1C8II     UKRRIK8 
GERMINATE   IN    ABOUT   FIVK   WEEKS. 

The  experiments  in  the  raising  of  blueberry  seedlings  have  covered 
such  a  great  diversity  of  soil  mixtures,  methods  of  potting,  manner 
of  watering,  amount  of  shade,  and  day  and  night  temperatures  that 
sn  a(X!Ount  of  all  of  them  is  out  of  the  question.  The  more  impor- 
tant results  of  these*  experiments  may  be  presented,  however,  in  an 
account  of  the  seedlings  of  1908,  the  latest  that  have  been  grown 
for  an  entire  year,  with  allusions  to  the  experiments  of  other  years 
whenever  additionally  useful.  The  parent  plant  of  the  seedlings  of 
1908  is  described  on  page  80. 

The  method  followed  in  gi»rminating  the  seed  was  that  developed 
by  Mr.  George  W.  Oliver,  of  the  Bureau  of  Plant  Industry,  in  1902. 
All  other  experiinentei-s,  apparently,  have  considered  it  necessary 
b  keep  the  seeds  dormant  by  stratification  or  some  equivalent  means 
until  late  winter  or  early  spring  and  then  to  give  them  the  warmth 
net-essary  for  germination.  By  Mr.  (MiverV  method,  however,  the 
seeds  are  sown  in  August,  soon  after  the  maturity  of  the  berries;  they 
begin  to  germinate  in  about  five  weeks,  and  by  proper  handling  in 
the  p-eenhouse  they  are  robust  plants  by  the  beginning  of  summer 
instead  of  tin}'  seedlings. 

Pursuing  this  method  the  detailed  operations  were  as  follows: 
'The  berries  (PI.  VI,  fig.  1)  when  fully  matured  and  slightly  fer- 
mentecl  were  mashed  to  a  pulp  and  rubbed  thoroughly  under  water. 
The  juice  and  floating  pulp  were  washed  away,  and  the  heavy  seeds, 
which  sank  to  the  bottom,  were  taken  out  and  their  superficial  mois- 
ture dried  off  by  exposure  to  the  air  for  a  few  hours.  AVhen  thus 
prepared  and  placed  in  a  closed  bottle  blueberry  seeds  will  retain 
their  vitality  for  several  weeks,  probably  for  several  months. 

From  the  2  quarts  of  berries  were  secured  12.5  grams  of  dry  seeds. 
The  seeds  numbered  about  9,000  per  gram,  of  which  about  three- 
fonrths  were  small  and  contained  no  embryos.  About  11  grams  weix^ 
used  to  raise  seedlings,  computed  to  contain  about  25,000  germinable 
seeds.  It  furnished  an  abundant  amount  for  seeding  four  ordinary 
lardeners  flats,  and  from  these  over  1.000  seedlings  were  actually 
transplanted  and  as  many  more  might  easily  have  been  utilized. 

The  mature  seeds  (PI.  VI,  fig.  2)  are  roughly  orbicular  to  nar- 
it)wly  oblong  in  outline,  .strongly  flattened,  with  a  deeply  pitted  seed 
<t)at.  They  vary  in  length  from  0.04  to  0.00  of  an  inch  (1  to  1.5 
mm.). 

The  seeds  were  sown  in  shallow  wooden  flats  10  bv  34  by  3  inches, 
inside  measurement.  After  crocks  had  been  {)laced  over  the  drain- 
*^  holes  the  bottom  was  covered  to  a  depth  of  about  an  inch  with 
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kalmia  peat  in  fibrous  form  to  insure  good  drainage.  Over  this  was 
placed  the  finely  sifted  soil  of  the  seed  bed,  trodden  down  with  the 
whole  weight  of  the  body,  the  total  thickness  of  the  soil  and  drain- 
age being  2.5  inches. 

The  soil  of  the  seed  bed  in  this  instance  was  a  mixture  of  the 
following,  each  rubbed  through  a  wire  sieve  with  ^\»-inch  square 
openings : 

Kalmia  peat 8  parts  by  bulk. 

Sand 2  parts  by  bulk. 

Live  sphagnum 2  parts  by  bulk. 

Loam 1  part  by  bulk. 

While  this  mixture  gave  good  results,  certain  modifications  in  the 
direction  of  simplicity  have  been  found  equally  satisfactory  so  far 
as  growth  is  concerned,  and  more  satisfactory  with  regard  to  the  ease 
of  transplanting.  These  changes  involve  the  omission  of  the  loam, 
which  from  other  experiments  is  now  regarded  as  never  advanta- 
geous and  sometimes  actually  injurious,  and  the  omission  of  the  sphag- 
num, which,  although  a  good  moisture-holding  and  aerating  me- 
dium, appears  to  be  superfluous  in  a  peat  and  sand  mixture.  The. 
sphagnum  also  interferes  somewhat  with  the  clean  pricking  out  of 
the  seedlings  in  the  first  transplanting.  From  experience  with  vari- 
ous other  seedlings  of  blueberries  a  mixture  of  2  parts  of  finely 
sifted  kalmia  peat  to  1  part  of  sand  is  regarded  as  satisfactory  and 
preferable.  The  peat  should  be  well  rotted  and  the  sand  clean  andi 
free  from  lime.     This  matter  is  more  fully  discussed  on  page  60. 

After  the  seed  bed  had  been  prepared,  as  already  described,  the  dry 
seeds  were  scattered  upon  it  and  covered  with  about  an  eighth  of  an 
inch  of  the  same  soil  lightly  sifted  over  it.  The  surface  was  thea 
sprinkled  with  water  from  a  sprinkling  pot  provided  with  a  very] 
fine  rose. 

So  far  as  moisture  is  concerned  the  ideal  condition  of  the  seed  bed 
is  that  the  soil  should  be  just  damp  enough  so  that  it  shall  not  be-i 
come  dry  on  the  surface.  The  drying  of  this  peat  is  indicated  by  ai 
conspicuous  color  change,  from  dark  brown  to  light  brown.  If  ex- 
posed directly  to  an  ordinary  greenhouse  atmosphere,  the  tendency 
of  the  seed-bed  surface  to  become  dry  will  necessitate  frequent  ap-i 
plications  of  water,  and  the  bed  will  be  in  danger  of  repeated  periods 
of  sogginess.  These  conditions  may  be  very  much  improved  by  cov- 
ering the  flat  with  panes  of  glass.  An  opening  about  an  inch  wide 
should  be  left  at  either  end  to  permit  the  circulation  of  air  over  the 
seed  bed.  This  ventilation  will  prevent  the  excessive  accumulation 
of  moisture  in  a  stagnant  atmosphere  and  will  also  prevent  over- 
heating on  sunny  days,  both  of  which  conditions  are  injurious  to 
seedlings.  A  flat  thus  covered  may  not  require  watering  for  inter- 
vals of  several  days.    The  advantages  of  the  glass  covering  are  par^ 
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Fio.  1.— Swamp  Blueberries  from  the  Parent  Bush  of  the  Seedlings  o 
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Fig.  19. — Section  of  a  blue- 
berry seed  :  a.  Embryo ;  h, 
endosperm ;  c,  outer  seed 
coat.  (Enlarged  18  diame- 
ters.) 


tknlarly  evident  when  germination  begins,  for  many  of  the  seeds 
have  been  washed  to  the  surface  in  the  process  of  watering  and  have 
germinated  without  any  soil  covering.  It  may  be  several  days  before 
the  root  penetrates  the  soil,  but  the  moisture  maintained  in  the  air 
nndenieath  the  glass  keeps  these  naked  seedlings  from  death  by  dry- 
ing. After  germination  has  progressed  so  far  that  a  good  stand 
of  seedlings  is  assured  the  glass  should  be 
gradually  removed. 

The  flats  seeded  on  August  12, 1908,  were 
kept  in  a  greenhouse  as  cool  as  practicable 
and  shaded  from  the  sunlight.  When 
started  in  winter,  seed  flats  should  be  kept 
at  a  temperature  not  less  than  50°  to  60°  F. 
It  night  and  about  15  degrees  higher  in  the 
dartinie.  Under  such  conditions  sunlight 
during  the  whole  day  seems  to  benefit  them. 
Germination  began  on  September  18, 
thirty-seven  days  after  seeding,  and  con- 
tinued for  more  than  two  months.  In  other  seedings  of  this  and  the 
closely  related  blueberries  known  as  Vaccinium  atrococcum  and  F. 
pallidum^  germination  has  begun  in  as  short  a  period  as  twenty-five 
days.  This  slowness  of  germination  might  be  considered  merely  a 
feature  of  the  general  sluggishness  of  growth  in  these  plants.  It  is 
in  fact,  however,  due  to  a  much  more  specific  cause.  The  food  stored 
in  the  seed  for  the  nourishment  of  the  plantlet  is  not  located  in  the 

cotyledons,  as  in  the  bean  or  pea, 
for  example,  but  it  lies  in  a  mass 
called  the  endosperm,  quite  outside 
the  embryo.  (See  fig.  19.)  It  re- 
quires several  weeks  for  the  minute 
embryo,  feeding  on  the  large  mass 
of  surrounding  endosperm,  to  grow 
to  sufficient  size  to  burst  open  the 
seed  coats.     Until  the  embrvo  has 

ft 

attained  such  size  it  is  physically 
impossible  for  the  seed  to  ger- 
minate. 

When  the  seedlings  had  straightened  themselves  out  they  were 
•bout  0.2  to  0.3  of  an  inch  (5  to  8  mm.)  high  and  the  newly  expanded 
cotyledons  about  0.06  of  an  inch  (1.5  mm.)  long.  (See  fig.  20.) 
Within  a  few  days  the  first  foliage  leaf  loegan  to  appear  between  the 
cotyledons  about  0.06  of  an  inch  (1.5  mm.)  long.  (See  fig.  20.) 
wch  (10  to  15  mm.)  high,  the  erect  unbranched  stem  bearing  four 
or  five  foliage  leaves,  and  the  cotyledons  having  expanded  to  a  length 
of  0.12  of  an  inch  (3  mm.).     (See  fig.  21.) 

193 


^ML  20. — Blaeberry  seedlings  In  the  coty- 
Moo  etage :  a.  Before  the  expansion  of 
the  cotyledons ;  6,  at  the  beginning  of 
the  derelopment  of  the  first  foliage 
leaf.     4 Enlarged  2  diameters.) 
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Although  the  leaves  of  the  parent  plant  had  entire  margins,  the 
leaves  of  the  young  seedlings  were  invariably  serrulate.  It  was  only 
after  the  plants  were  several  months  old  that  any  of  the  branches 
began  to  produce  leaves  with  entire  margins,  and  some  of  the  seedlings 
from  this  parent  give  promise  of  permanently  retaining  the  serrulate 
leaf  character.     (See  p.  82.) 

(21)  Thk  seedlings  are  first  transplanted  at  the  aqe  of  about  six  weeks, 

WHEN  they  are  APPROACHING  AN   INCH  IN   HEIGHT. 

On  October  24  the  first  transplanting  was  done  from  the  seed  flats 
of  1908.  A  new  flat  was  filled  to  a  depth  of  2  inches,  trodden  down 
hard,  with  the  following  mixture : 

Kalmia    i)eat,    rotted    for    several    months    and 

rubbed  through  a  quarter-Inch  sieve 8  i>arts  by  bulk. 

Sand,   coarse,   washed 1  part  by  bulk. 

Loam,  clayey,  finely  sifted 1  part  by  bulk. 

This  soil  mixture  was  used  as  the  result  of  experience  of  the  two 
preceding  years.     From  a  few  experiments  made  in  the  winter  of 

1906-7  it  had  been  found  that  a  mixture  of 
equal  parts,  by  bulk,  of  peat,  sand,  and 
loam  was  decidedly  superior  to  loam  and 
manure  or  to  sand,  sphagnum,  and  loam. 
In  the  winter  of  1907-8  it  was  found  that 
the  amount  of  sand  and  loam  could  be  re- 
duced with  distinct  advantage,  and  as  a 
result  of  the  experiments  then  made  many 
of  the  cultures  of  1908-9  were  grown  in 
the  mixture  described  above  (peat  8,  sand 
1,  loam  1).  The  retention  of  the  loam  was 
due  to  an  idea  that  this  ingredient  would 
furnish  some  necessarv  mineral  nutrient 
not  furnished  by  the  peat.  From  an  ex- 
periment made  in  the  summer  of  1909, 
however  (p.  69),  it  was  found  that  under 
the  system  of  handling  the  pots  described 
on  page  67  large  plants  repotted  in  a  peat 
soil  with  no  loam  whatever  made  a  better 
growth  than  those  potted  in  a  peat  con- 
taining a  tenth  part  of  loam.  There  is  some  reason,  therefore,  to 
suspect  that  loam,  even  in  such  a  small  quantity,  may  be  slightly 
injurious,  and  more  reason  to  suspect  that  it  may  be  superfluous. 
Experiments  intended  to  throw  light  on  this  question  are  now  in 
progress. 

In  the  soil  of  the  flat,  prepared  as  described  above,  80  plants  wei'C 
set  *2  inches  apart.    They  were  pricked  out  of  the  seed  bed  and  set 

193 


Fig.  21. — Bluel)erry  seedling 
about  six  weelcs  old.  with  Ave 
foliage  leaves*.  (Rnlarj^ed  2 
diameters.^ 
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in  the  new  soil  by  means  of  a  small  dibble.  These  plants  were  half 
to  three- fourths  of  an  inch  high  and  had  three  to  six  true  leaves. 

It  is  believed  that  a  spacing  of  2.5  inches  in  the  flat  is  better  than 
2  inches,  as  the  plants  have  a  little  more  room  and  the  2.5-inch  square 
of  earth  is  a  very  convenient  size  when  the  next  transfer  is  made 
into  4'inch  pots. 

From  this  time  on  during  the  winter  the  plants  were  kept  in  a  cool 
gn*enhouse  in  which  the  night  temperature  was  55°  to  60°  F.,  and 
which  was  given  a  large  amount  of  ventilation.  The  day  tempera- 
ture reached  ordinarily  66°  to  70°  F.  It  was  found  that  a  house 
with  a  night  temperature  of  40°  F.  and  a  day  temperature  of  60°  F. 
was  too  cold  for  such  seedlings,  as  they  made  almost  no  growth  at 
alL  In  a  warm  house,  65°  to  70°  at  night  and  80°  to  90°  F.  in  the 
daytime,  blueberries  grow  fairly  well,  but  they  are  much  subject  to 
injury  by  red  spidei:  {Tetranychua  himaculatus) ^  and  their  new 
growth  while  sufficiently  extensive  does  not  appear  so  robust  as  in  the 
60=  to  70°  F.  house. 

For  the  first  few  days  the  newly  transplanted  seedlings  were  shel- 
tered from  direct  sunlight.  Later,  however,  they  were  given  all  the 
sunlight  possible.  It  was  found  that  during  the  winter,  when  well 
established  in  a  suitable  soil  and  under  proper  moisture  conditions, 
the  plants  grew  better  when  they  received  the  fullest  sunlight  that 
the  greenhouse  afforded.  This  statement  applies  to  the  plants  in  all 
stages,  whether  in  a  seed  bed  or  after  the  first  transplanting  or  in 
larger  pots. 

In  watering,  the  plants  should  be  kept  "  on  the  dry  side,"  as  gar- 
deners say.  Water  may,  advantageously  be  withheld  until  the  surface 
of  the  soil  is  dry,  but  this  condition  should  not  be  allowed  to  extend 
to  a  depth  of  more  than  about  an  eighth  of  an  inch.  Then  a  rather 
thorough  watering  should  be  given,  which  will  carry  moisture  to  the 
bottom  of  the  soil,  but  not  run  through.  Such  a  watering  at  infre- 
quent intervals  is  preferable  to  frequent  light  sprinklings  that  moisten 
Ac  surface  only.  Except  for  the  brief  period  of  percolation  imme- 
diately after  watering,  the  movement  of  water  in  the  soil  should  be  a 
capillary  one,  and  from  the  bottom  upward.  Under  such  conditions, 
if  the  soil  is  of  proper  texture,  good  aeration  is  insured. 

The  shock  of  transplanting  checks  the  growth  of  the  seedlings  for 
^veral  days.  This  checking  of  growth  may  manifest  itself  in  one  or 
more  of  three  ways:  {a)  The  withering  of  the  stem  tip;  (6)  the 
"stagnation,"  or  stoppage  of  expansion  of  the  uppermost  leaf  rudi- 
ment; and  {c)  the  purpling  of  the  older  leaves.  As  these  phenomena 
when  persistent  have  been  much  utilized  in  these  experimeiits  as 
warnings  of  the  existence  of  conditions  antagonistic  to  growth  and 
IS  they  may  be  of  similar  assistance  to  other  experimenters,  a  de- 
scription of  them  will  be  given. 
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The  withering  of  the  tip  includes  the  uppermost  leaf  rudiment  and 
the  growing  point  of  the  stem  inclosed  within  its  folded  base.  The 
tissues  turn  brown  and  become  dry,  and  the  growth  of  that  axis  is 
terminated.  The  resumption  of  growth  from  such  a  stem,  if  it 
occurs,  takes  place  through  the  formation  and  expansion  of  a  bud  in 
the  axil  of  the  leaf  next  below  the  withered  one.  This  withering  of 
the  tip  is  readily  distinguishable  by  its  color  from  a  partial  blacken- 
ing  of  the  uppermost  tender  leaves  which  sometimes  occurs,  appar- 
ently a  pathological  disturbance  of  a  temporary  character  and  usually 
not  affecting  the  growing  point  of  the  stem  itself.  The  brown  wither- 
ing of  the  tip  seldom  takes  place  when  the  leaf  rudiment  involved  in 
the  withering  is  more  than  0.1  inch  (2.5  mm.)  in  length.  ^Tien  longer 
than  that  it  usually  keeps  on  expanding.  This  withering  of  the  tips 
has  been  almost  wholly  prevented  when  the  shock  of  transplanting 
was  rendered  as  light  as  possible  by  suitable  precautions,  including 
(a)  a  soil  in  perfect  condition  for  the  nutrition  of  the  plants,  espe- 
cially that  in  which  the  peat  is  well  rotted  (p.  61) ;  (&)  the  transfer 
of  the  plants  to  their  new  bed  without  injury,  especially  without 
destroying  any  part  of  the  roots;  {c)  the  shading  of  the  plants 
from  direct  sunlight  for  two  weeks  or  more,  until  their  new  root 
growth  is  well  established,  and  their  subsequent  gradual  adjustment 
to  full  sunlight;  and  (d)  the  holding  of  the  transplanted  plants  in 
a  warmer,  moister  atmosphere,  about  65°  at  night  and  80°  F.  in 
the  daytime.  Whether  or  not  this  last  condition  had  a  real  influence 
on  the  prevention  of  the  tip  withering  is  not  definitely  known. 

The  stagnation  of  the  uppermost  leaf  rudiment  does  not  attract  the 
inexperienced  observer's  attention  so  readily  as  its  withering.  With 
a  little  experience,  however,  it  is  easily  detected.  Ordinarily  the 
leaves  of  a  growing  stem  follow  each  other  at  a  rather  close  interval, 
so  that  by  the  time  a  half-grown  leaf  is  ready  to  flatten  out,  from  its 
boat-shaped  folding  in  the  younger  stage,  the  succeeding  leaf  is  com- 
monly a  third  or  more  the  length  of  the  one  that  is  flattening  (fig. 
22).  Wlien  stagnation  occurs,  however,  the  uppermost  leaf  rudiment 
promptly  stops  growing,  usually  at  a  length  of  0.04  inch  (1  mm.)  or 
less,  while  the  young  leaf  next  below  it  goes  on  flattening  and  grow- 
ing to  nearly  its  normal  size.  The  end  of  the  stem,  therefore,  shows  a 
nearly  full-grown  flat  leaf  with  a  minute  leaf  rudiment  at  its  base 
seldom  more  than  a  fifth  and  often  not  more  than  a  tenth  its  own 
length. 

The  purpling  of  leaves,  to  which  allusion  has  been  made,  does  not 
refer  to  the  reddish  translucent  appearance  of  the  growing  twig  tips. 
That  is  the  normal  coloration  in  the  blueberry,  as  it  is,  for  example, 
in  the  rose.  The  purpling  now  under  consideration  occurs  in  the 
mature  leaves,  which  are  normally  green,  and  is  of  a  dark  shade.  It 
is  commonly  accompanied  by  a  conspicuous  reddening  of  the  leaf 
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TOtts.  This  purpling  of  the  old  leaves  is  evidence  of  a  severe  stop- 
page of  growth  and  in  these  experiments  has  been  observed  to  be 
caused  by  low  temperature,  about  40°  F.  or  lower,  or  by  lack  of 
nutrition  from  any  cause,  or,  apparently,  by  poisoning. 

If  the  soil  into  which  young  blueberry  seedlings  are  transplanted 
is  suited  to  their  growth,  purpling  of  the  old  leaves  seldom  occurs, 
the  evidence  of  the  shock  of  transplanting  being  confined  to  the  pos- 
sible withering  of  a  few  of  the  stem  tips  and  the  temporary  stagna- 
tion of  others.    In  some  transplantings  no  withering  of  tips  occurs. 

During  the  period  of  cessation  of  stem  growth  after  transplanting, 
the  plant  is  by  no  means  idle,  for  the  roots,  as  shown  in  glass-pot 
cultures,  continue  to  make  new  growth,  and  when  this  has  sufficiently 
progressed  stem  growth  is  resumed. 

<22)  When  ABom  ten  wessks  old  and  NEAitLY  two  inches  in  height  the 

SEEDLINGS  BEGIN  TO  SEND  OUT  BASAL  BRANCHES. 

An  important  phase  in  the  development  of  the  seedlings  of  1908 
began  on  November  25,  when  one  of  the  plants  commenced  to  send 
out  a  branch  from  the  axil  of  a  cotyledon. 
At  the  expiration  of  another  month  75  per 
cent  of  the  plants  in  the  flat  had  put  out 
similar  basal  branches,  and  the  remaining 
25  per  cent  ultimately  did  the  same. 

These  basal  shoots  are  of  the  highest  im- 
portance in  the  economy  of  the  blueberry 
plant,  for  they  soon  far  outstrip  the  first 
stem  and  become  the  principal  seat  of 
growth,  until  they  themselves  are  over- 
shadowed by  later  and  still  more  vigorous 
basal  shoots.  The  original  stem  of  the  seed- 
ling never  develops  into  an  ultimate  main 
stem  or  trunk,  but,  as  will  be  seen  later 
(p.  58),  stops  growing  while  the  plant  is 

still  young,  and  afterward  dies.  It  is  this  habit  of  sending  up  basal 
shoots  that  makes  the  swamp  blueberry  a  many-stemmed  bush,  not  a 
miniature  tree  with  a  single  trunk. 

The  development  of  basal  shoots  began  when  the  seedlings  had 
about  12  leaves  and  were  about  1.5  to  2  inches  high.  In  this  first 
basal  branching  the  number  of  branches  varied  from  1  to  3.  Out  of 
73  plants  on  which  the  branching  was  recorded  39  had  1  branch,  30 
had  2  branches,  and  4  had  3  branches.  The  branches  occurred  in 
the  axils  of  the  cotyledons  or  of  one  of  the  first  four  leaves.  Of  the 
39  plants  with  1  branch,  11  had  the  branch  in  the  axil  of  a  cotyledon, 
17  in  the  axil  of  the  first  leaf,  8  the  second,  2  the  third,  and  1  the 
fourth.  Of  the  30  plants  with  2  branches,  11  had  both  branches  in 
las 


Fio.  22. — Normal  tip  of  stem 
in  a  blueberry  seedling. 
(Enlarged  4  diameters: 
the  smaller  fi[?ure  natural 
size. ) 
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the  axils  of  the  cotyledons,  13  had  neither  branch  so  situated,  and  6 
had  1  branch  from  a  cotyledon  axil  and  1  from  a  leaf  axil.  Of 
the  4  plants  with  3  branches,  3  had  all  3  branches  in  the  axils  of  the 
cotyledons  and  the  first  leaf,  1  had  a  branch  in  the  axil  of  a  cotyledon 
and  of  the  first  and  second  leaf.  Of  the  total  111  branches  46  were 
in  the  axil  of  one  of  the  two  cotyledons,  an  average  of  23  to  each,  30 
in  the  axil  of  the  first  leaf,  20  the  second,  7  the  third,  and  2  the 
fourth.  In  the  order  of  the  frequency  of  production  of  a  basal  shoot, 
therefore,  the  first  leaf  stands  first,  a  cotyledon  next,  then  the  second, 
third,  and  fourth  leaves,  in  order. 

While  the  exact  location  of  the  basal  branches  appears  to  have  no 
special  significance,  the  number  of  the  branches  does,  for  the  habit  of 
producing  two  or  more  branches  is  a  persistent  one  and  such  seedlings 
tend  to  produce  diffuse  plants  with  many  and  small  stems  and  small 
stature,  while  the  plants  with  the  single-branch  tendency  are  taller 
and  have  fewer  and  more  robust  stems.  The  differences  in  general 
appearance  caused  by  the  two  types  of  branching  are  well  illustrated 
in  figures  24  and  26,  from  photographs  of  two  seedlings  of  1907  made 
at  the  age  of  10  months. 

(23)  When  the  seedlings   are  about  four  months  old  and  about  three 

INCHES  in  height  THE  GROWTH  OF  THE  ORIGINAL  STEM  TERMINATES. 

On  January  5, 1909,  the  growing  tip  on  the  original  stem  of  one  of  the 
plants  withered.    At  that  time  this  stem  was  about  2.5  inches  high,  had 

14  leaves,  and  had  2  vigorous  basal  shoots  about 
an  inch  in  length.  This  withering  differed  in 
one  important  respect  from  the  withering  due 
to  shock,  described  on  page  56.  In  that  case  it 
was  an  ordinary  leaf  rudiment  that  withered. 
In  the  present  case  the  withering  was  fore- 
shadowed by  the  development  of  a  minute  bract 
(fig.  23).  This  differed  from  the  ordinary  leaf 
rudiment  in  the  absence  of  the  glandular  hairs 
characteristic  of  young  leaves,  and  it  remained 
small  until  the  leaf  next  below  it  had  become 
more  than  ten  times  as  long.  Then  the  bract 
withered  and  the  growth  of  the  original  stem 
was  permanently  terminated.  The  same  de- 
velopment went  on  in  the  other  plants  until 
at  the  end  of  a  month  05  per  cent  and  in  two 
months  95  per  cent  of  the  plants  had  terminated 
the  growth  of  their  original  stems. 

In  the  individual  plant  the  termination  of  growth  on  the  original 
stem  took  place  after  the  basal  shoot  or  shoots  had  reached  a  stage  of 
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Fio.  23. — Bract  and  young 
leaf  at  the  end  of  the 
orlKlnal  stem  In  a  blue- 
berry seedling.  ( En- 
larged 4  diameters ;  the 
smaller  figure  natural 
slsc. ) 
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vi^rous  development.  Out  of  fifty-nine  iiorniHl  cases  observed  prior 
to  tbe  second  transplanting  of  the  seedlings,  the  length  of  the  now 
^oot,  or  when  more  than  one  the  longest  of  them,  at  the  time  of 
Eermination  of  growth  on  the  old  stem  varied  from  0.4  of  an  inch  to 
j  inches,  with  an  average  of  1.8  inches.    It  would  appear  that  the 
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immediate  cause  of  the  termination  of  growth  on  the  oltl  stens  is  the 
diversion  of  food  materials  into  the  new  vigorous  growth. 


<34l  n'UKH   TUE  PLANTS  ABE  ABOLT  FIVF   UONTHS  OLD  t 
RKIGIIT    THCY    AHE    POTTED    IN    FOUR-INCH    POTS    I 


On  Februarj'  17,  when  the  plants  were  4  to  fl  inclies  high,  they  were 
trusplanted  into  4-inch  pots  in  the  same  soil  mixture  as  was  used  in 
'be  tnin.>iplanting  of  October  24  (peat  8.  sand  1.  loam  1).    As  slated 
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in  the  discussion  of  that  transplanting,  the  plants  would  probably 
have  done  somewhat  better  without  the  loam.  In  addition  to  the 
crock  over  the  drainage  hole,  a  mass  of  fibrous  kalmia  peat  was  placed 
in  the  bottom  of  the  pot,  filling  it,  when  pressed  down,  to  the  depth 
of  an  inch  or  more.  After  cutting  the  soil  in  the  flats  into  rectangular 
cakes,  the  plants  were  lifted  and  transferred  to  the  pots  with  the  least 
possible  disturbance  of  the  roots. 

Several  experiments  had  been  made  earlier  to  ascertain  whether 
at  the  first  transplanting  from  the  seed  bed  it  is  better  to  set  the 
plants  in  flats  or  to  put  them  in  2-inch  pots,  or  thumb  pots  as  they 
are  more  commonly  called.  It  was  found  that  when  the  plants  in 
thumb  pots  were  set  on  a  greenhouse  bench  they  tended  to  dry  out 
so  rapidly  that  it  was  impracticable  to  keep  them  in  the  right  con- 
dition of  moisture.  They  became  so  frequently  too  wet  or  too  dry 
that  their  growth  was  interrupted  and  they  were  much  inferior 
to  the  plants  in  the  flats.  Other  plants  in  thumb  pots  (PL  VII), 
plunged  in  either  sand,  peat,  or  sphagnum,  made  about  the  same 
growth  as  the  plants  in  the  flats,  but  showed  no  uniform  advantage 
over  them,  either  while  they  were  in  the  thumb  pots  or  after  a 
second  transplanting.  The  labor  of  transplanting  and  of  maintain- 
ing uniform  moisture  is  somewhat  greater  in  the  case  of  the  potted 
plants.  All  things  considered,  in  the  original  transplanting  the 
use  of  flats  is  regarded  as  preferable  to  2-inch  pots. 

It  is  desirable  to  consider  at  this  time  the  exact  qualities  of  the 
soils  used  in  the  potting  mixtures.  As  already  stated,  it  is  regarded 
as  preferable  to  omit  the  loam. 

The  sand  should  be  free  from  lime,  as  most  sand  is,  in  fact.     It    i 
should  also  be  as  clean  as  possible.     If  the  only  sand  obtainable  is 
mixed  with  clay,  this  should  be  removed  by  repeated  washing  in 
water.  j 

The  condition  of  the  peat  should  also  be  carefully  considered,  as  | 
shown  by  the  following  experience  during  the  progress  of  these 
experiments.  From  the  seedlings  of  1908  many  series  of  trans- 
plantings  were  made  on  various  days  in  October,  November,  and 
December.  In  the  latter  part  of  December  it  was  noticed  that  while 
in  some  of  the  transplantings  the  seedlings  were  growing  vigorously, 
other  cultures  were  not  doing  well  at  all.  Many  of  the  tips  were 
withered,  over  25  per  cent  in  some  of  the  cultures;  the  rest  became 
stagnated  and  dark  purple,  and  remained  so  for  nearly  two  months. 
All  possible  causes  of  the  trouble  having  been  eliminated  except 
those  due  to  the  soil,  the  characteristics  of  the  various  soils  used 
were  considered  with  care.  At  this  time  the  writer  was  possessed 
of  the  erroneous  idea  that  lime  in  the  minutest  quantities  was  very 
injurious  to  the  blueberry    (p.  20),  and  consequently  it  was  sus- 
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pected  that  the  sand  was  impure  and  contained  lime.  An  exami- 
nation of  the  sources  of  the  different  kinds  of  sand  used  showed 
(hit  lime  could  not  have  caused  the  trouble.  Finally,  however,  the 
?irious  cultures  were  arranged  by  the  dates  of  potting,  and  it  was 
then  found  that  the  purpled  plants  had  all  been  potted  after  a 
eertain  date,  on  which  a  new  lot  of  peat  had  been  received  at  the 
greenhouses.  The  peat  in  the  earlier  cultures  had  been  received 
in  June  and  at  the  time  of  the  first  transplantings  had  been  rotting 
for  four  months  at  a  warm  summer  temperature.  The  seedlings 
transplanted  into  this  peat  did  not  lose  their  tips,  and  growth  was 
resumed  almost  inmiediately.  The  peat  used  after  the  middle  of 
November  was  freshly  gathered,  and  it  was  in  this  fresh  peat  that 
the  seedlings  suffered  as  already  described.  It  should  be  stated 
here,  however,  that  by  the  end  of  two  months  these  seedlings,  which 
meanwhile  had  been  making  good  root  gi'owth,  began  to  make 
rapid  top  growth  also  and  later  overtook  their  competitors. 

Acidity  tests  of  peat  from  the  various  cultures  and  in  different 
stages  of  decomposition  showed  a  remarkable  correlation  between  the 
icidity  of  the  peat  and  the  behavior  of  the  seedlings.  In  the  fresh 
deleterious  peat  the  acidity  was  excessive,  varying  from  0.03  to  0.046 
normal.  In  the  older  peat  in  which  the  plants  grew  well  the  acidity 
was  usually  not  in  excess  of  0.02  normal,  in  one  case  0.024.  Fresh 
peat  rubbed  through  a  quarter-inch  sieve  and  showing  an  acidity  of 
0.034  normal  had  lessened  its  acidity  to  0.02  normal  after  remaining 
in  a  moist  well-aerated  condition  for  three  weeks  in  the  warm  air  of 
a  greenhouse.  In  view  of  these  facts  the  conclusion  was  reached  that 
the  deleterious  effect  of  fresh  peat  is  due  to  its  excessive  acidity. 

In  the  undisturbed  peat  of  a  kalmia  thicket  wild  blueberry  plants 
are  often  found  growing  luxuriantly.  After  this  peat  is  stripped 
from  the  ground  it  becomes  injurious,  as  has  been  shown,  to  blue- 
berry plants  that  are  potted  in  it,  this  injurious  quality  being  cor- 
related with  an  excessive  acidity.  The  question  arises,  What  causes 
this  increase  in  acidity  and  in  what  particular  part  of  the  soil  does 
it  reside?  It  was  at  first  suspected  that  the  excessive  acidity  was 
located  in  the  less  decomposed  upper  layers  of  leaves  which  the  roots 
of  the  blueberry  plants  in  a  wild  state  do  not  reach,  but  which,  when 
the  peat  is  rubbed  through  a  sieve,  go  into  the  resulting  mixture.  The 
fcaf  layers  to  which  reference  is  here  made  are  not  the  uppermost, 
nearly  dry  layers  a  year  or  less  old,  for  these  are  removed  in  gather- 
ing the  peat,  but  the  partially  rotted  layers  one  to  two  years  old,  such 
IS  those  shown  in  Plate  IV.  An  examination  of  such  material  showed 
that  it  was  not  excessively  acid,  but  came  well  within  the  range  of 
■cidity  beneficial  to  blueberry  plants. 

An  acidity  determination  was  then  made  of  the  roots  in  the  peat. 
Tliese  are  the  roots,  chiefly  of  oak  and  kalmia,  that  interlace  th'^ 
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partly  decomposed  portions  of  the  peat  into  mats  or  turfs.  Tlieir 
appearance  in  the  upper  part  of  these  turfs  is  shown  in  Plate  V, 
figure  2.  Taking  some  of  these  turfs,  freshly  gathered,  the  soil  was 
all  shaken  from  them,  leaving  only  the  ''  fiber,"  consisting  entirely  of 
these  fine  live  roots.  This  fiber  was  allowed  to  rot  for  a  few  days, 
and  an  acidity  test  was  then  made.  It  proved  to  be  0.07  normal,  an 
acidity  far  in  excess  of  that  which  had  proved  injurious  to  the  blue- 
berry seedlings.  The  excessive  temporarj^  acidity  of  freshly  gathered 
kalmia-peat  turf  and  its  consequent  temporary  injuriousncss  to  blue- 
berry plants  are  therefore  attributed  to  the  diffusion  through  the 
peat  of  the  acids  originating  in  the  roots  killed  in  the  process  of 
gathering  the  turfs. 

It  should  be  added  here  that  the  acidity  of  the  uppermos^t  layer 
of  undecomposed  leaves  a  year  or  loss  old  is  very  great,  and  that 
care  should  consequently  be  exercised  to  keep  these  out  of  the  soil 
used.  A  test  of  dry,  brown,  newly  fallen  sugar-maple  leaves  showed 
an  acidity  of  0.22  normal,  and  a  mixture  of  the  leaves  of  various 
species  of  oak  in  a  similar  condition,  0.4.  Incidentally,  attention 
may  be  called  to  the  presumable  efficiency  of  a  mulch  of  such  leaves 
in  maintaining,  by  means  of  its  leachings,  under  the  infiuenc*e  of  the 
natural  rainfall,  the  acidity  of  the  underlying  more  fully  decom- 
posed layers,  which  without  the  addition  of  fresh  organic  matter 
would  ultimatelv  become  alkaline.  (See  the  account  of  an  alkaline 
oak-leaf  mold  on  p.  35.) 
(2.5)  Blueberry  plants  pottkd  in  peat  may  be  made  to  grow  more  rapidly  it 

THEY     are     watered     OCCASIONALLY     DURING     THE    GROWING     SEASON      WITH 
WATER   FROM    A    MANURE   PIT. 

In  the  winter  of  1907-8  pottings  of  seedling  blueberries  from  seeds 
sown  in  August,  1907,  were  grown  in  various  greenhouses  of  the 
Department.  The  most  successful  of  these  pottings  consisted  of  89 
plants  in  a  mixture  of  peat,  sand,  and  loam  in  3-inch  pots.  Two  of 
these  plants  are  illustrated  in  figures  24  and  25.  It  had  been  sup- 
posed that  the  superior  growth  of  these  plants  was  the  result  of 
specially  favorable  conditions  of  light,  temperature,  and  watering,  as 
indeed  it  was  in  part ;  but  in  the  following  winter,  during  an  inquiry 
about  certain  details  of  the  handling  of  this  culture,  the  gardener 
in  charge  of  the  gi'eenhouse  in  which  the  plants  were  grown  admitted 
that  during  a  portion  of  the  spring,  without  consultation,  he  had 
given  the  pots  an  occasional  watering  with  manure  water.  As 
manure  when  used  with  loam  in  the  winter  of  1906-7  had  proved 
positively  injurious  to  blueberry  plants,  its  possible  beneficial  effect 
when  used  in  conjunction  with  peat  seemed  worth  testing  further. 
In  the  spring  of  1909,  therefore,  various  cultures  were  watered  with 
manure  water  once  a  week,  the  amount  applied  being  the  same  as 
that  given  in  an  ordinary  watering  with  tap  water,  about  50  a  c  for 
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«ch  4-inch  pot.  The  application  was  made  to  six  cultures,  contain- 
ing altogether  156  plants,  exactly  comparable  with  a  similar  number 
of  plants  receiving  no  manure  water.  The  applications  were  made 
in  April  and  May  and  varied  in  number  from  five  to  eight. 

In  aU  six  cultures  the  plants  to  which  manure  water  had  been 
applied  made  a  more  vigorous  growth,  temporarily  at  least,  than 
those  that  received  none. 

Similar  results  were  secured  by  the  use  of  one-tenth  cow  manure, 
freshly  rotted,  in  the  peat  mixture  in  which  the  plants  were  potted. 

It  was  after  the  beneficial  effect  of  this  manuring  had  begim  to 
show  itself  that  a  statement  of  similar  results  nearly  a  century  old, 
in  the  culture  of  heaths,  came  to  the  writer's  attention.  It  is  con- 
tained  in  a  book  bv  William  McNab  entitled  "A  Treatise  on  the 
Propagation,  Cultivation,  and  General  Treatment  of  Cape  Heaths," 
published  in  1832.  The  original  is  now  rare,  but  a  reprint  was  pub- 
lished in  1908  in  Notes  from  the  Royal  Botanic  Garden,  Edinburgh, 
Tolume  3,  pages  351  to  374.  McNab,  who  was  the  superintendent 
of  the  Edinburgh  garden  from  1810  to  1848,  was  undoubtedly  the 
most  intelligently  successful  grower  of  Cape  heaths  at  the  period 
of  their  greatest  popularity.  His  treatise  is  original  and  practical 
ind  delightfully  written.  With  reference  to  the  manuring  of  heaths 
be  states : 

I  may  mention  that  I  have  used  a  small  quantity  of  manure  in  the  foregoing 
c*)nipo«t  with  very  good  effect,  about  one-eighth  r>art  of  cow  dung.  This  should 
be  weU  rr>tted  before  it  is  used.  The  way  that  I  have  always  prepared  this 
tog  before  using  It  is  to  talve  a  barrow^  load  of  it  and  place  it  In  thin  layers 
Mween  layers  of  i>eat  earth,  and  after  it  has  lain  for  some  time,  chop  the 
whole  up  together,  and  turn  It  over  at  intervals  till  the  dung  disapi)ears  and 
the  whole  mass  assumes  the  appearance  of  black  iieat  earth  and  sand;  and 
▼here  this  manure  is  applied  about  an  equal  quantity  of  sand  should  be  added 
ithsit  is,  about  one-eighth  part  of  ^he  whole)  ii.  addition  to  the  sand  that  I 
l*Te  before  recommended  to  be  mixed  up  with  the  earth.  This,  I  know,  can  be 
n»d  with  very  good  effect,  but  for  all  ordinary  purjwses  I  consider  it  quite 
onnecesiHry.  as  there  is  no  difficulty  in  growing  heaths  very  soon  too  large  for 
the  accommodation  that  is  generally  allotted  for  them,  with  the  compost  that 
I  have  mentioned  without  manure.  I  merely  mention  this  because  I  know  it 
is  the  opinion  of  some  that  heaths  will  not  thrive  with  manure  addeci  to  the 
peat  earth  in  which  they  are  grown. 

!  kiKiw,  however,  that  some  heaths  may  be  grown  to  a  larger  size,  in  the  same 
^ce  of  time,  with  manure  than  without  it ;  but,  as  I  have  already  mentioned, 
I  wmsider  ft  quite  unnecessary  for  all  ordinary  punmses,  and  any  i)erson  who 
wishes  to  try  its  effects  should  do  so  very  sparingly  at  first,  till  he  is  enabled 
to  judge  of  the  effect  produced  by  it,  as  a  little  excess  of  manure  is  sure  to 
tajnre  the  plants.  Perhaps  liquid  manure  might  be  usc»d  with  very  good  effect 
fw  growing  some  kinds  of  heaths,  but  I  am  unable  to  give  any  imrticular  direc- 
tions in  what  proportion  it  should  be  used,  as,  from  what  trials  I  liave  made,  I 
<*n  not  come  to  any  certain  conclusion.  But  this  much  I  know,  that  whoever 
•Trtws  to  try  it  should  do  so  at  first  with  great  caution,  with  quite  as  much  as 
in  Offing  an  excess  of  manure  in  its  solid  state. 
183 
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McNab's  conclusion  that  manure,  while  beneficial  in  small  quan- 
tities, should  be  used  with  caution  or  not  at  all  agrees  with  the 
conclusion  reached  from  these  blueberry  experiments.  On  page  18 
of  this  paper  is  described  the  disastrous  results  of  the  heavy  manur- 
ing of  blueberry  plants,  and  in  view  of  the  fact  that  the  blueberry 
makes  satisfactory  growth  without  manure  and  that  we  are  not 
sufficiently  informed  of  the  exact  conditions  under  which  manure 
may  become  injurious,  the  use  of  even  small  amounts  for  blueberries 
is  not  now  recommended. 

A  suggestion  may  be  made,  however,  as  to  a  possible  reason  for  the 
injury  of  blueberry  plants  by  manure.  In  the  glass-pot  experiment 
described  on  page  18,  in  which  plants  grown  in  a  mixture  containing 
half  as  much  manure  as  peat  made  exceptionally  good  growth  at  first 
but  soon  died,  the  death  of  the  plants  was  preceded  by  a  rotting  of 
the  roots.  Now,  manure  is  alive  with  myriads  of  bacteria,  while  peat 
contains  few.  An  examination  of  the  two  made  by  Mr.  Karl  F.  Kel- 
lerman,  from  samples  taken  from  the  kalmia  peat  and  the  cow  manure 
used  in  these  experiments,  showed  2,500  bacteria  per  plate  in  the 


Fio.  26. — Spores  of  a  supposedly  injurious  fungus  In  the  epidermal  cells  of  blueberry  roota^ 

(Enlarged  600  diameters.) 

manure  and  70  to  150  in  the  rotted  peat,  each  plate  representing 
0.0004  of  a  gram  of  material.  The  bacteria  in  the  peat  were  chiefly 
of  two  species,  while  the  manure  contained  many.  It  is  a  reasonable 
supposition  that  the  rotting  of  the  blueberry  roots  may  have  been 
caused  or  aided  by  the  bacteria  in  the  manure  or  by  some  of  the 
fungi  with  which  manure  is  also  abundantly  charged.  In  mixtures 
like  those  recommended  by  McNab,  however,  containing  much  peat 
and  little  manure,  the  injurious  bacteria  and  fungi  in  the  manure  may 
have  been  killed  or  held  in  check  by  the  acids  that  exist  in  the  peat 
and  keep  such  organisms  in  control.  If  experiments  show  this  theory 
to  be  correct,  the  application  of  manure  to  blueberries  may  then  be 
made  intelligently. 

In  this  connection  it  may  be  well  to  call  attention  to  a  peculiar  spore 
found  in  the  roots  of  feeble  blueberry  plants  grown  in  unfavorable 
soils,  such  as  the  limed  peat  and  the  clayey  loam  described  on  pages 
23  and  24,  and  mixtures  containing  a  large  proportion  of  manure.  In 
some  of  the  epidermal  cells  of  the  rootlets  were  found  larjge  spherical 
bodies,  as  illustrated  in  figure  26.    They  usually  occurred  singly, 
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though  occasionally  two  and  rui-ely  three  were  found  together  in  the 
same  cell.  They  were  0.0007  to  0.0008  of  an  inch  (18  to  20  fi)  in 
diameter,  and  in  optical  section  showed  an  outer  ring  and  an  inner 
ring,  with  6,  7,  8,  9,  or  10  introrse  scallops  in  the  hyaline  zone  K- 
tween  them,  the  space  within  the  inner  ring  being  granular.  These 
are  evidently  spores  with  a  very  thick  wall,  marked  with  a  few  large 
pits  or  depressions,  and  granular  contents  in  the  cell  cavity.  In  what 
appeared  to  be  later  stages  of  development  of  these  spores,  the  diam- 
eter was  slightly  larger,  the  wall  was  thin,  the  pits  had  disappeared, 
and  the  granular  contents  had  become  organized  into  minute  spher- 
ical bodies,  apparently  incipient  swarm  spores,  about  0.0001  of  an 
inch  (2  /i)  in  diameter,  approximately  one-tenth  the  diameter  of  the 
spore  itself.  Several  of  these  large,  thin-walled  spores  had  put  out  a 
short  germination  tube  and  lost  their  contents,  the  spore  remaining 
entirely  hyaline  and  empty. 

It  was  thought  at  first  that  these  might  be  the  reproductive  bodies 
of  the  mycorrhizal  fungus  of  the  blueberry,  but  a  careful  search 
failed  to  show  any  connection  between  the  two.  It  was  observed, 
however,  that  in  the  rootlets  containing  the  spores  the  interior  cells 
osnally  presented  a  diseased  appearance,  the  whole  rootlet  sometimes 
showing  a  brown  streak  down  its  middle,  due  to  the  decomposition  of 
the  vessels  and  wood  cells.  The  inquiry  into  the  nature  of  the  spores 
iras  not  pursued  further,  but  the  conditions  strongly  suggested  that 
the  spores  were  those  of  a  parasitic  fungus  occupying  the  interior  of 
the  roots  and  causing,  or  associated  with,  their  death  and  decomposi- 
tion. The  spores  themselves  bear  a  strong  resemblance  to  the  resting 
^res  of  Asterocystis  radicis^  a  parasitic  fungus  of  the  family  Chytri- 
diaceae.  This  fungus  occurs  in  Europe  in  the  roots  of  various  plants, 
particularly  flax,  in  which  it  is  the  cause  of  a  serious  disease." 

If  an  explanation  is  sought  for  the  injurious  effect  of  lime  on 
the  growth  of  the  blueberry,  the  observations  already  made  indicate 
the  propriety  of  a  careful  study  of  this  large-spored  fungus,  with 
special  reference  to  the  effect  of  lime  in  stimulating  its  growth  and 
the  growth  of  the  other  organisms  of  decay  associated  with  it. 

(28)  Pots  containing  blueberry  plants  should  be  plunged  in  sand  or  other 
llateeial  that  will  furnish  constant  moisture  and  good  aeration. 

Although  the  plunging  of  earthen  pots  nearly  to  the  rim  in  some 
i  moisture-holding  material,  such  as  sand,  sphagnum,  or  peat,  had  been 
I  practiced  for  various  purposes  in  several  of  the  earlier  cultures, 
I  and  had  been  found  essential  (as  stated  on  p.  60)  for  2-inch  pot 
[edtures  if  rapid  and  uniform  growth  was  to  be  secured,  nevertheless 
i  the  importance  of  applying  the  same  practice  to  larger  pots  was  not 

*HareliaI,  Emile.  Rechercbes  Biologiqiies  sur  one  Chytrldin^  Parasite 
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appreciated  until  the  best  culture  from  the  1908  seedlings  had  re- 
mained almost  stagnant  in  -i-inch  pots  for  over  a  month.  The  con- 
dition of  the  plants  was  first  attributed  to  an  excess  of  acidity  in 
some  of  the  peat  used  for  potting,  and  next  to  the  necessity  of  a 
period  of  rest  from  active  growth.  Neither  of  these  reasons,  how- 
ever, it  was  ascertained  from  observation  of  other  cultures,  could 
account  except  in  part  for  the  distressed  condition  that  these  plants 
finally  reached. 

When  one  of  the  plants  was  knocked  out  of  its  pot  it  was  in- 
variably found  that  a  large  part  of  the  roots  at  the  sides  of  the 
earth  ball  were  dead.  It  was  at  the  period  of  the  year,  April  and 
May,  when  the  advent  of  warm  sunny  days  made  the  control  of 
temperature  in  the  greenhouse  somewhat  difficult,  and  this,  together 
with  the  previous  rapid  growth  of  the  plants  and  the  consequent 
increase  of  their  water  consumption,  had  brought  about  considerable 
irregularity  in  the  moisture  content  of  the  pots.  The  conclusion  was 
reached  that  the  walls  of  the  pots  had  become  dry  on  one  or  more 
occasions,  and  that  this  had  killed  the  delicate  roots  that  came  in 
contact  with  them.  The  roots  of  the  blueberry,  as  described  on 
page  42;  are  exceedingly  slender,  the  smallest  being  about  two- 
thousandths  of  an  inch  in  diameter.  They  are  very  quickly  killed 
by  drying. 

On  the  basis  of  this  conclusion  the  general  practice  of  plunging 
blueberry  pots  was  adopted.  If  the  plants  are  to  be  exposed  to  a 
very  warm,  dry  atmosphere  the  plunging  should  be  done  before  any 
considerable  quantity  of  roots  has  grown  through  the  soil  to  the  wall 
of  the  pot.  It  is  probably  still  better  to  do  the  plunging  imme- 
diately after  the  potting,  for  then  uniform  moisture  conditions  can 
be  secured  throughout  the  soil  in  the  pot. 

Besides  the  avoidance  of  injury  to  the  plants  by  the  drying  of  theii 
roots,  the  practice  of  plunging  has  another  marked  advantage,  the 
maintenance  of  a  moderate  but  adequate  and  even  optimum  degree  oi 
moisture  in  the  soil  with  infrequent  waterings.  A  series  of  potJ 
plunged  in  live  sphagnum  in  a  cool  gi^eenhouse  during  the  winter  oi 
1908-9  frequently  went  for  a  week  at  a  time  without  requiring  watd 
and  then  most  of  the  water  was  applied  between  instead  of  in  the  pota 
The  moisture  evidently  moves  freely  in  or  out  through  the  wall  ol 
the  pot,  which  is  of  course  not  glazed,  and  an  excess  or  deficiency  in 
any  one  place  is  soon  adjusted. 

Sand  has  been  found  a  convenient  and  satisfactory  plunging  ma- 
terial. The  surface  of  the  sand  should  come  to  the  same  level  as  the 
soil  in  the  pot,  or  a  little  above  it.  A  little  sand  on  the  surface  of  th« 
soil  does  no  harm,  and  indeed  is  probably  advantageous.  When  I 
single  pot  is  to  be  plunged  it  may  be  done  by  placing  it  within  anothei 
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pot  of  2  inches  larger  diameter,  the  space  between  the  walls  of  the 
two  pots  being  then  filled  with  sand.     (See  PI.  XVIII.) 

The  practice  of  plunging  has  proved  to  be  of  the  greatest  im- 
portance in  securing  a  large  growth  in  potted  blueberry  plants,  as 
will  be  appreciated  from  the  description  of  the  development  made 
under  such  conditions  out  of  doors  in  the  summer  of  1909.  (See  p. 
68.)  In  that  description  special  attention  is  drawn  to  the  superior 
conditions  of  aeration  in  plunged  pots. 

(27)  Plaivts  of  the  swamp  bluebebry  sometimes  lay  down  flowering  buds 
at  the  age  of  seven  months. 

The  laying  down  of  flowering  buds  is  discussed  in  detail  on  pages 
Tl  to  73,  where  a  description  is  given  of  the  general  occurrence  of  this 
phenomenon  in  vigorous  plants  one  year  old.  The  first  flowering 
huds,  however,  appeared  much  earlier.  They  were  observed  on  April 
8, 1909,  on  plants  which  were  10  days  less  than  7  months  old.  At  the 
end  of  the  7  months  24  plants  out  of  258,  which  constituted  seven  of 
the  most  advanced  cultures  from  the  seedlings  of  1908,  had  laid  down 
(lowering  buds.  A  small  percentage  of  the  seedlings  of  1907  had  also 
laid  down  flowering  buds  at  about  the  same  age.  The  phenomenon 
may  therefore  be  regarded  as  not  rare  in  vigorofis  plants  of  this  age. 

These  flowering  buds,  which  contain  the  rudiments  of  about  7  to  12 
lowers  each,  are  not  adapted  to  development  into  clusters  of  flowers 
«ntil  they  have  been  subjected  to  a  period  of  cold.  Most  of  the  buds, 
llierefore,  forming  just  as  warm  weather  was  approaching,  withered 
tnd  dried  on.  the  bushes.  A  few  flowered  in  1908  and  in  1909,  and  in 
this  latter  year  one  plant  bore  ripe  fruit  on  August  25,  at  the  age  of  a 
fittle  more  than  1 1  months. 

iV^)    ly   THE    SPRING   AFTER   THE   DANGER    OF    FROST    WAS    PAST   THE    PLANTS    WERK 
SEFOTTED  AND  PLACED  OUT  OF  DOORS,  IN   HALF  SHADE,  PLUNGED  IN   SAND. 

On  May  19  to  22, 1909,  the  seedlings  of  1908  were  repotted  in  6-inch 
in  a  mixture  in  most  cases  of  peat  8,  sand  1,  and  loam  1,  and 
^hced  outdoors.  The  plants  in  the  principal  cultures  had  at  this  time 
average  height  of  about  9  inches,  with  a  maximum  of  15  inches, 
e  pots  were  plunged  in  sand.  They  were  in  a  situation  where  they 
exposed  to  simlight  from  about  8  o'clock  in  the  morning  to  5 
Uoek  in  the  afternoon,  and  to  protect  them  from  too  great  heat  they 
re  partially  sheltered  by  a  slat  shade.  The  slats  were  2  inches 
kide,  with  2-inch  openings  between.  As  the  sun  struck  the  slats 
pmewhat  diagonally  and  they  were  half  an  inch  thick,  the  plants 
pen  covered  by  the  shades  received  a  little  less  than  half  sunlight. 
pn  clear  days  the  shades  were  kept  over  the  plants  from  9  o'clock 
w  4  o'clock.  At  other  hours  and  on  cloudy  days  the  shades  were 
PHnoved.    On  August  26  tlie  time  of  shading  was  shortened  to  the 
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period  between  10  and  3  o'clock,  and  after  September  12  the  shade: 
were  left  off  altogether. 

Tlie  plants  were  watered  with  a  swift  spray  from  a  hose,  the  water 
being  applied  only  when  necessary  to  keep  the  soil  from  actually 
drying  out.  The  sand  between  the  pots  was  seldom  allowed  to  become 
di-y  to  the  depth  of  more  than  half  an  inch.  A  sand  mulch  of  about 
a  quarter  of  an  inch  on  the  top  of  the  soil  in  the  pot  was  found  useful 
in  preventing  the  rapid  drying  of  the  soil  by  direct  evaporation. 

(29)  By  the  use  of  the  cultural  methods  already  DESCRiBfO),  sEiEDUiiGS  or 

THE  SWAMP  BLUEBERRY  HAVE  BEEN  GROWN  INTO  ROBUST  PLANTS  OF  A  MAXI- 
MUM HEIGHT  OF  TWENTY-SEVEN  INCHES  AT  TWELVE  MONTHS  FROM  GERMINA- 
TION. 

The  growth  of  the  plants  out  of  doors  during  the  summer  was 
remarkably  vigorous.  Hitherto  experimenters  with  seedling  blue- 
berries have  been  able  to  produce  only  comparatively  small  plants  at  I 
the  end  of  the  first  season,  as  shown  by  the  following  citation  from  ai 
publication  of  the  best-known  experimenter :  <» 

The  blueberry  makes  much  less  growth  the  first  two  years  from  seed  than 
the  huckleberry,  but  grows  faster  afterward.  The  third  year  I  have  had  them 
make  a  growth  of  0  to  8  Inches.  The  low  blueberry  aud  huckleberry  begin  to 
bear  at  3  or  4  years,  while  the  high-bush  blueberry  requires  4  to  6  years. 
From  1  to  3  inches  growth  the  first  year  is  about  all  you  can  expect. 

Under  the  system  of  treatment  described  in  the  present  bulletin 
seedlings  have  been  grown  to  a  height  of  27  inches  at  twelve  months 
from  germination.  Out  of  the  st^edlings  of  1908,  250  were  carried 
through  to  the  close  of  the  season  of  1909  in  G-inch  pots.  'Of  these.  15 
were  stunted  plants.  The  remaining  235  had  an  average  height  at 
the  end  of  the  season  of  exactly  18  inches.  The  larger  stems  were 
often  a  quarter  of  an  inch  in  thickness,  and  the  main  trunk,  half  sub- 
merged in  the  ground,  sometimes  reached  a  diameter  of  half  an  inch. 
The  general  appearance  of  these  plants  is  shown  in  Plate  VIII. 

The  principal  features  of  cultural  treatment  which  have  contributedi 
to  this  development  are   (a)   the  autumn  germination  of  the  seeds] 
(b)  the  use  of  suitable  acid  soils,  (c)  the  plunging  of  the  pota,  and 
(d)  the  partial  shading  of  the  plants  during  the  heat  of  summer,  tb 
application  of  these  cultural  methods  having  been  guided  throughou 
l)v  the  discovery  of  the  existence  of  a  mycorrhizal  fungus  in  th 
plants  and  its  treatment  as  ess(>ntial  to  their  nutrition.    The  syste 
of  germination  and  the  character  of  the  soils  used  have  already  beei 
described  in  detail.    The  exact  effects  of  the  plunging  and  the  sfaadi 
remain  to  be  considered. 

It    has   already   been   shown    (p.   60)    that   when   a  plant   is  n 
plunged,  the  minute  rootlets  that  lie  against  the  sides  of  the 
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ire  very  liable  to  death  from  dryness.  When  the  pot  is  plunged  in 
and  and  the  sand  i.s  kept  moist  these  rootlets  can  not  die  from 
drought.  They  keep  on  growing  until,  in  the  case  of  vigorous  plants, 
when  the  earth  ball  is  knocked  from  the  pot,  the  soil  can  not  be  seen 
because  of  the  dense  mat  of  live  roots  that  line  the  pot.  The  same 
thick  mass  of  live  roots  was  developed  in  a  series  of  1907  seedlings 
carried  over  the  winter  of  1908-0  in  the  greenhouse  in  pots  plunged 
in  .sphagnum.  When  the  pot  is  surrounded  by  the  moist  plunging 
material  these  roots  continue  to  luxuriate  for  months  longer  than 
thev  otherwise  would.  Thev  evidentlv  find  the  aeration  conditions, 
IS  well  as  the  moisture  conditions,  at  the  wall  of  the  pot  very  satis- 
factory, for  the  development  of  roots  there  is  far  greater  than  within 
the  ball  itself. 

The  highly  efficient  aeration  at  the  wall  of  plunged  pots  may 
explain  one  use  of  soils  in  which  the  results  of  the  present  investiga- 
tions do  not  agree  with  the  practice  of  the  old  heath  growers.  In 
one  culture  of  25  plants  the  soil  used  in  the  first  potting  was  pure 
rotted  kalmia  peat  rubbed  through  a  quarter-inch  screen.  This  first 
pottinp,  in  4-inch  pots,  was  done  on  March  20,  1909.  The  repotting. 
in  G-inch  pot.s,  wa«  done  on  May  22,  1909,  in  the  same  kind  of  soil, 
pure  coarsely  sifte<l  kalmia  peat.  These  plants  gi'ew  to  be  the 
fcrppst  of  any  of  the  seedlings  of  1908,  their  average  height  at  the 
«!««*  of  the  season  being  20.5  inches.  The  three  plants  shown  in 
Plate  IX,  all  over  24  inches  in  height  and  one  of  them  27  inches. 
»ere  from  this  culture. 

The  use  of  pure  peat  was  not  advocated  by  the  old  heath  growers. 
McXab  recommended  a  mixture  of  4  or  5  parts  of  peat,  by  bulk,  to 
1  of  sand,  and  an  even  larger  proportion  of  sand,  2  parts  out  of  5, 
l»s  been  recommended  by  Dawson  for  blueberries.  When  the  pots 
«ie  not  plunged  and  do  not  therefore  have  the  advantage  of  the 
■iperb  aeration  conditions  found  at  the  wall  of  the  pot  when  sur- 
TOunded  by  moist  sand,  it  is  probable  that  the  presence  of  consider- 
able sand  in  the  soil  is  necessary  to  secure  adequate  aeration  of  the 
interior  of  the  earth  ball,  for  unless  the  pot  is  plunged  most  of  the 
^Mlets  that  lie  against  the  sides  of  the  pot  will  be  killed  and  the 
plant  must  relv  for  its  chief  nourishment  on  the  roots  in  the  interior 
«f  the  ball. 

That  the  necessity  for  interior  aeration  in  the  pots  is  great  in  the 
•*«  of  heaths,  if  the  plants  are  not  plunged  or  are  not  frequently 
J^pt^ted,  is  shown  by  a  peculiar  and  interesting  cultural  practice 
long  tried  and  highly  recommended  by  McNab.  This  practice  is 
ftf  distribution  of  broken  crocks  or  pieces  of  sandstone  through  the 
wil  at  the  time  of  repotting.  lie  found  by  experience  that  the  prac- 
^  wa.s  highly  advantageous  to  the  plants,  and  although  he  did  not 
«iirectly  explain  his  success  in  such  a  way,  there  is  little  doubt  that 
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his  method,  which  may  be  regarded  as  a  substitute  for  plunging,  w 
advantageous  because  it  gave  large  aeration  surfaces  about  the  ston 
in  the  interior  of  the  earth  ball  and  provided  a  place  there  for  a  larj 
development  of  roots  which  could  not  take  place  at  the  wall  of  ti 
pot.     McNab's  description  of  his  method  of  repotting  is  as  follows: 

In  sbiftiuK  heaths  I  never  reduce  the  old  ball  of  earth  more  than  by  nihbi 
the  sides  and  bottom  with  the  hand,  so  as  to  loosen  the  outside  fibers  a  litl 
I  have  often  shifted  heaths  twice,  and  even  three  times,  in  the  course  of  1 
spring  and  summer,  with  tlie  greatest  success.  It  is,  however,  quite  unneccssi 
to  shift  a  heath  until  the  young  fibers  have  come  through  the  fresh  earth  gi\ 
to  it  at  its  previous  shifting,  and  begun  to  extend  themselves  round  the  ini 
edge  of  the  pot  or  tub;  but  as  soon  as  this  talces  place,  tliey  may  then  be  shifi 
with  advantage.  This  frequent  shifting,  however,  is  quite  unnecessary,  nnlese 
be  to  encourage  a  favorite  specimen;  for  in  all  ordinary  cases,  iwirticulai 
when  the  plant  Is  large,  I  consider  one  good  shifting  in  two  or  three  years  qu 
sufficient.    •     •     ♦ 

Besides  the  comix)St  and  draining  which  I  have  already  mentioned,  when 
begin  to  shift  heaths  I  have  always  at  hand  a  quantity  of  coarse,  soft  fn 
stone,  brolven  into  pieces,  from  an  inch  to  4  or  5  inches  In  diameter.  Of  th£ 
I  always  introduce  a  quantity  among  the  fresh  earth  as  it  Is  put  into  the  i>ot 
tub,  round  the  old  ball  of  earth  about  the  plant,  and  press  them  well  do% 
among  fresh  earth  as  it  is  put  in.  This  I  consider  of  great  advantage  to  < 
sorts  of  heaths,  but  more  particularly  so  to  those  that  may  have  been  shift 
Into  a  much  larger  pot  or  tub  at  once  than  what  it  had  been  grown  in  before, 
in  what  I  would  call  biennial  or  triennial  shifting.  These  pieces  of  stone  mi 
be  put  in  as  large  as  the  oi)ening  will  admit  between  the  old  ball  and  the  edi 
of  the  pot.  In  some  of  our  largest  tubs  this  opening  is  full  4  Inches  wide,  ai 
where  much  earth  Is  required  to  be  put  in  the  bottom  over  the  draining  befo: 
the  plant  is  put  in,  a  quantity  of  these  stones  should  be  mixed  with  the  ear 
also/  I  liltewlse  use  occasionally  large  pieces  of  soft  burnt  broken  pots,  p 
among  the  earth  in  the  same  way  as  the  stones :  but  I  prefer  stones  when  I  a 
procure  them  soft  and  free  of  iron.  The  quantity  of  stones  which  I  introdii 
along  with  a  large-sized  heath  at  shifting,  will,  in  most  cases,  if  broken  dcm 
into  sand,  and  added  to  the  sand  previously  in  the  soil,  form  about  one-tWi 
part  of  the  whole  mass.  When  stones  are  introduced  among  the  earth  In  ti 
way  I  have  recommended,  heaths  will  never  suffer  so  much  in  the  summer  fro 
occasional  n€»gloct  to  water  them  as  they  would  do  if  the  stones  were  not  intf 
duced,  because  these  stones  retain  the  moisture  longer  than  the  eaHh,  and  ! 
the  winter  they  allow  a  freer  circulation  of  any  suiierabundant  moisture  whll 
may  be  given  through  the  mass. 

The  effect  of  the  half  shade  used  over  the  blueberries  during  tl 
summer  of  1009  was  to  make  the  growth  of  the  plants  continual 
instead  of  confining  it  to  a  brief  period  in  the  early  part  of  the  seasoi 
In  a  wild  state  the  twigs  of  blueberry  plants  stop  growing  in  eari 
summer,  the  stoppage  being  indicated  by  the  withering  of  the  upp« 
most  leaf  rudiment.  The  less  vigorous  twigs  stop  first,  the  mo( 
vigorous  ones  next,  and  the  shoots  last.  Stoppage  of  growth  is  hl( 
tened  by  hot  dry  weather  and  is  deferred  by  cloudy  humid  weathcl 
Tn  the  latitude  of  Washington  stoppage  of  ordinary  twig  growth  j 
wild  plants  of  Vaccinium  atrococcum  begins  in  May  and  is  usual! 
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completed,  except  on  vigorous  shoots,  in  June.  In  some  of  the  culti- 
Fatal  plants  which  were  not  shaded  growth  was  similarly  stopped  by 
the  advent  of  hot  weather.  In  the  plants  under  the  slat  shades,  how- 
ever, vigorous  stems  did  not  wither  their  tips  until  their  normal 
growth  had  run  its  course,  and  as  new  shoots  were  continually  start- 
ing there  was  no  general  stoppage  of  growth  until  September,  and 
many  of  the  plants  continued  to  grow  throughout  that  month. 

The  shade  was  not  great  enough  to  "draw"  the  plants;  that  is, 
to  make  their  growth  spindling  through  a  stretching  up  for  light. 
It  was  merely  sufficient  to  prevent  excessive  heat  and  destructive 
transpiration. 

(30)  The  flowering  buds  of  the  bluebebby  are  produced  by  the  transfobma- 
tlolf  of  dormant  leaf  buds  in  the  latter  part  of  the  season. 

The  flowers  and  leaves  of  the  swamp  blueberry  are  produced  in 
the  spring  from  separate  buds,  and  these  buds  are  formed  in  the 
preceding  year.  The  two  kinds  of  buds  are  conspicuously  different, 
as  may  be  seen  by  the  accompanying  illustration.  (PI.  X,  fig.  1.) 
The  leaf  buds  occupy  the  lower  part  of  the  twig.  They  are  small, 
conical,  about  0.08  to  0.12  of  an  inch  (2  to  3  mm.)  long,  with  2  to  4 
external  scales  about  equaling  each  other  in  length  and  each  ending 
in  a  sharp  point.  The  pointe  only  of  the  interior  scales,  which  are 
of  similar  length,  are  visible.  AVlien  a  leaf  bud  develops  in  the 
J'pring  it  produces  a  leafy  twig. 

The  flowering  buds  are  borne  along  the  upper  part  of  the  twig. 
They  are  fat,  ovoid  structures,  commonly  0.15  to  0.3  of  an  inch 
(3i  to  7  mm.)  long,  several  times  larger  than  the  leaf  buds.  They 
show  ordinarily  10  to  15  external,  broad,  overlapping  scales.  Each 
flowering  bud  contains  the  rudiments  of  a  raceme  of  usually  7  to  12 
flowers,  the  bud  of  each  of  thcvse  flowers  lying  in  the  axil  of  a  bract 
and  bearing  two  bractlets  below  the  middle  of  its  short  pedicel, 
^en  a  flowering  bud  develops  it  produces  a  raceme  of  flowers,  but 
no  accompanying  twig  or  leaves. 

Leaf  buds  are  always  axillary  and  flowering  buds  almost  always 
80.  The  bud  at  the  summit  of  a  twig  is  in  reality  situated  in  the 
ttil  of  the  uppermost  leaf,  except  in  the  rare  cases  in  which  the  twig 
tip  does  not  wither  when  it  stops  its  growth.  In  such  cases  a  true  ter- 
minal bud  is  formed,  surrounded  by  a  group  of  lateral  buds  in  the 
*xils  of  bracts.  So  far  as  observed  these  buds  are  always  flowering 
buds  and  are  produced  on  the  ends  of  vigorous  shoots. 

The  manner  in  which  the  plants  lay  down  their  flowering  buds, 
through  the  transformation  of  leaf  buds,  is  very  interesting,  and  it 
^J  prove  to  have  a  bearing  of  some  importance  on  the  method  and 
time  of  pruning  the  bushes.  The  form  of  the  leaf  buds  has  already 
been  described.    They  appear  singly  in  the  axils  of  the  leaves  almost 
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as  s<x)n  as  the  leaf  is  fully  developed.    After  a  few  weeks  the  external    . 
scales  of  the  bud  turn  brown  and  the  bud  then  goes  into  a  conditioa  f 
of  dormancy,  unless  it  is  forced  into  growth  through  an  injury  to  the 
twig  or  some  other  imusual  circumstance.    In  most  of  the  buds  this  . 
dormant  condition  continues  through  the  summer,  fall,  and  winter,  j 
If  the  plant  is  in  condition  to  lay  down  flowering  buds,  however,  a 
new*  sort 'of  activity  appears  in  the  late  summer  or  autumn.    One  or 
more  of  the  leaf  buds  near  the  end  of  a  twig  start  to  grow.    The  two 
brown  scales  are  spread  apart,  new  green  scales  appear  between  them, 
and  a  large,  fat,  flowering  bud  is  formed.    The  bud  does  not,  how- 
ever, continue  its  growth  at  this  time,  but  its  green  new  scales  turn 
l)rown  and  the  condition  of  dormancy  is  again  resumed  before  cold 
weather  comes  on. 

The  flowering  buds  thus  develop  out  of  buds  which  are  in  no  way 
distinguishable  from  leaf  buds.  They  are,  in  fact,  leaf  buds  until 
their  transformation  takes  place,  and  except  for  such  transformation 
they  would  remain  leaf  buds.  Furthermore,  it  has  been  found  ex- 
perimentally that  after  the  formation  of  flow^ering  buds  has  been 
completed,  leaf  buds  still  lower  on  the  twig  can  be  forced  by  suitable 
treatment  to  transform  themselves  into  flowering  buds.  Such  an  ex- 
periment was  made,  as  follows: 

On  August  24,  1909,  at  Lanham,  Md.,  a  vigorous  bush  of  Vafcimum 
atrococciim  was  selected,  which  had  already  laid  down  its  flowering 
buds  for  the  succeeding  year.  Two  branches  of  nearly  equal  size, 
about  16  inches  long,  one  with  14  twigs  and  53  flowering  buds,  the 
other  with  16  twigs  and  48  flowering  buds,  were  chosen  for  the  ex- 
periment. On  the  branch  containing  the  48  flowering  buds  each  twig 
was  cut  off  at  a  point  between  its  lowermost  flowering  bud  and  it,s 
uppermost  leaf  bud,  with  the  object  of  ascertaining  whether  any  of 
the  leaf  buds  on  the  stub  of  the  twig  would  transform  themselves 
into  flowering  buds.  The  other  branch  was  left  unpruned  as  a  check, 
to  show  whether  the  normal  laying  down  of  flower  buds  had  in  reality 
been  completed  on  August  24.  On  October  1, 1909,  the  two  twigs  were 
{igain  examined.  The  pruned  branch  had  laid  down  31  new  flowering 
buds,  which  in  all  cases  were  the  transformed  upper  leaf  buds  on  the 
stubs  of  tlie  twigs.  On  the  check  branch  only  1  new  flowering  bud 
had  been  laid  down. 

The  best  method  of  pruning  the  swamp  blueberry'  is  yet  to  be 
devised,  but  if  a  superficial  pruning,  like  that  of  a  hedge,  proves  to 
be  a  good  method  of  stimulating  vigorous  growth,  it  is  evident  from 
this  experiment  that  the  most  advantageous  time  to  do  the  prun- 
ing, if  a  crop  is  to  be  secured  the  next  year,  is  after  the  berries  are 
gathered  and  about  the  time  when  the  bush  is  forming  its  next  years 
flowering  buds.  It  wnll  then  lay  down  new  flowering  buds  on  the 
cut  stubs.    If  the  pruning  were  done  in  late  autumn,  in  the  winter, 
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or  in  the  spring,  no  new  flowering  buds  would  be  formed  to  replace 
those  removed  by  the  pruning. 

The  time  of  laying  down  flowering  buds  seems  to  be  correlated  with 
the  length  of  the  growing  season.  About  Washington  Vaccinium 
atrococcum  begins  to  form  its  flowering  buds  in  the  latter  part  of  Au- 
gust, one  to  two  months  after  its  berries  are  matured.  In  Vaccinium 
pallidum^  on  the  high  mountain  summits  of  North  Carolina,  where 
the  growing  season  is  short,  the  transformation  of  leaf  buds  into 
flowering  buds  begins  as  early  as  the  last  week  in  July  while  some 
of  the  berries  are  still  green.  In  the  cultivated  plants  at  Washing- 
ton  the  formation  of  flowering  buds  did  not  begin  in  1909  until  Sep- 
tember, and  it  continued  on  som6  plants  until  cold  weather  stopped 
their  growth. 

The  laying  down  of  flowering  buds  appears  to  be  a  phenomenon 
local  within  the  twig.  Cuttings  of  the  swamp  blueberry  made  in 
New  Hampshire  on  July  9,  1909,  transformed  their  leaf  buds  into 
flowering  buds  in  the  cutting  bed  after  reaching  Washington,  as 
shown  in  Plate  X,  figure  2,  but  whether  the  transformation  in  this 
case  was  made  before  or  after  the  cutting  had  rooted  was  not  observed. 
In  another  case,  however,  that  of  cuttings  made  in  New  Hampshire 
September  11,  1909,  from  long  late  shoots  bearing  only  leaf  buds, 
the  transformation  into  flowering  buds  began  to  occur  in  the  cutting 
bed  October  12  and  was  completed  before  any  roots  had  formed, 
(SeePl.  X,  fig.  3.) 

(31)  At    the    E5D    OF    THEIB    FIBST    YEAB    SEVENTY    FEB    CENT    OF    THE    BLUEBERBT 
PLANTS   HAD  LAID  DOWN  FLOWEBING  BUDS  FOB  THE  NEXT  SPBINO'S  BLOSSOMING. 

At  the  end  of  the  season  of  1909,  177,  or  70  per  cent,  of  the  250 
seedlings  of  1908  that  had  been  put  in  6-inch  pots  had  developed 
flowering  buds.  In  Plate  XI  is  shown  one  of  these  seedlings,  pho- 
tographed on  November  2,  1909,  which  had  laid  down  42  flowering 
buds.  One  plant  produced  58  flowering  buds.  At  the  end  of  the 
preceding  season,  1908,  at  least  25  per  cent  of  the  seedlings  of  1907 
that  were  still  kept  in  pots  had  produced  flowering  buds.  Therefore, 
notwithstanding  the  statements  of  earlier  experimenters  that  the 
seedlings  of  this  species  do  not  fruit  until  they  are  several  years 
old  (p.  G8),  it  is  regarded  as  established  that  under  the  culture  system 
worked  out  by  these  experiments  a  substantial  percentage  will  lay 
down  flowering  buds  at  the  end  of  the  first  year  and  will  bear  fruit 
the  second  vear. 

Attention  has  already  been  called  (p.  67)  to  the  occasional  laying 
down  of  flowering  buds  when  the  seedlings  were  only  J  months  old, 
followed  rarely  by  flowering  and  fruiting  at  the  age  of  less  than 
Kvmr. 
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<32)  Plants  of  the  swamp  blxjebebby  are  exceedingly  habdt  and  pass  the    ^ 
winter  in  good  condition  outdoors  when  the  soil  is  covered  icerrlt 
with  an  oak-leaf  mulch,  but  when  not  exposed  to  outdoor  condi- 
tions they  do  not  begin  their  growth  in  spring  in  a  normal  manner. 

During  the  fall,  winter,  and  early  spring  of  1908-9  a  series  of  blue- 
berry seedlings  of  1907  was  kept  outdoors  on  a  south  window  sill  to 
ascertain  whether  repeated  freezing  and  thawing  would  kill  them. 
Most  of  the  plants  were  in  thin  glass  3-inch  pots,  covered  at  the  sides 
with  one  thickness  of  gray  blotting  paper.  One  plant  (to  which 
reference  is  again  made  on  pp.  75  and  76)  was  in  a  5-inch  earthen 
pot.  None  of  the  plants  were  mulched  or  covered  in  any  way.  They 
were  watered  whenever  necessary  to  keep  the  soil  from  drying.  In 
cold  weather  the  air  circulated  freely  about  the  pots  and  the  soil  was 
repeatedly  frozen  solid.  On  warm,  sunny  days  the  melting  of  the  ice 
took  place  rapidly.  Hard  freezing  followed  by  quick  thawing  was 
many  times  repeated,  and  the  conditions  of  exposure  were  such  that 
the  plants  undoubtedly  were  subjected  to  a  severer  test  for  hardiness 
than  they  would  ever  receive  under  cultural  conditions. 

The  plants  passed  the  winter  without  losing  any  of  their  twigs. 
The  wood  was  plump  and  in  excellent  condition  when  spring  came, 
as  was  evidenced  further  by  the  remarkable  uniformity  with  which 
every  dormant  bud  started  to  grow  after  the  first  few  warm  days. 

For  the  roots  of  some  of  the  plants  in  glass  pots,  however,  the 
exposure  was  too  severe.  In  some  of  the  glass  pots  no  root  growth 
followed  the  starting  of  the  twigs,  and  the  plants  finally  died.  In 
others  the  root  growth  at  first  was  feeble  and  the  plants  lost  some  of 
their  newly  started  twigs  by  withering.  Most  of  the  plants,  however, 
including  the  one  in  the  5-inch  earthen  pot,  made  normal  growth  of 
both  twigs  and  roots,  notwithstanding  the  extraordinarily  severe 
treatment  to  which  they  had  been  subjected.  No  difficulty  is  antici- 
pated, therefore,  in  wintering  blueberry  plants  successfully  out  of 
doors  under  any  ordinary  cultural  conditions.  The  seedlings  of  1908 
covered  with  oak  leaves  in  their  outdoor  plunging  bed  of  sand  passed 
the  winter  of  1909-10  in  good  condition. 

That  blueberry  plants  must  be  subjected  to  some  sort  of  exposure, 
if  they  are  to  start  satisfactorily  in  the  spring,  is  indicated  by  the 
behavior  of  certain  seedlings  of  1907  which  were  carried  through  the 
winter  of  1908-9  in  a  rose  house,  where  the  temperature  at  night  was 
about  60°  F.  and  during  the  day  about  10  degrees  higher.  These 
plants,  although  subjected  to  >most  persistent  coaxing,  absolutely 
refused  to  grow  during  the  the  five  months  from  November  to  March, 
although  newly  germinated  seedlings  grew  luxuriantly  under  exactly 
the  same  conditions. 

The  comparison  of  these  indoor  plants  with  outdoor  plants  may 
best  be  made  by  an  examination  of  the  buds  shown  in  the  accompany- 
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ing  illustrations,  made  from  typical  indoor  and  outdoor  specimens. 
The  photographs  reproduced  in  Plate  XII  were  made  on  March  27, 
1909.  The  plant  shown  in  figure  1  of  this  plate  was  a  seedling  of 
September,  1907,  which  had  been  kept  in  a  greenhouse  all  its  life  at 
t  temperature  suited  to  the  growing  of  roses.  The  plant  shown  in 
Plate  XII,  figure  2,  was  identical  in  history  with  the  other  until 
October  20,  1908,  when  it  was  placed  outdoors  and  exposed  to  the 
severest  winter  conditions.  It  was  one  of  the  window-sill  plants  de- 
scribed on  page  74.  The  leaves  shown  on  the  indoor  plant  (PI.  XII, 
fig.  1)  are  those  formed  in  the  summer  of  1908,  which  by  reason  of 
the  warm  temperature  of  the  greenhouse  in  which  the  plant  was 
wintered  had  never  fallen  off,  although  the  plant  had  made  no  growth 
later  than  October,  1908.  Neither  a  flowering  bud  nor  a  leaf  bud 
has  started  on  this  plant.  On  the  outdoor  plant  (PI.  XII,  fig.  2) 
the  4  flowering  buds  and  62  leaf  buds  which  had  lain  dormant  dur- 
ing the  winter  had  begun  to  push  a  few  days  before  the  picture  was 
taken. 

Plate  XIII,  from  photographs  taken  on  April  24,  1909,  shows  the 
same  two  plants  nearly  a  month  later.  The  leaf  buds  on  the  outdoor 
plant  (PI.  XIII,  fig.  2)  have  grown  into  leafy  twigs  and  the  flower- 
ing buds  are  fully  opened.  Of  the  dormant  buds  on  the  indoor 
plant  (PI.  XIII,  fig.  1)  only  two  have  started  to  grow.  Of  these 
two  new  twigs,  one  on  the  stem  to  the  left,  in  the  axil  of  the  third 
leaf  from  the  top,  has  withered  its  tip  and  stopped  developing  before 
making  a  full-sized  leaf.  The  other  new  twig,  on  the  stem  to  the 
right,  developed  abnorntally  from  the  axil  of  a  basal  bract  of  a 
flowering  bud.  It  later  made  good  growth  and  became  a  very  vigor- 
ous shoot.  All  the  flowering  buds  on  this  plant  dried  up  and  pro- 
duced no  flowers. 

The  erratic  starting  of  dormant  plants  which  have  not  been  sub- 
jected to  the  conditions  necessary  to  bring  them  out  of  their  dor- 
mancy in  a  normal  manner  is  well  shown  also  in  Plate  XIV.  This 
illustration  is  from  a  photograph  taken  February  18,  1909.  The 
plant  was  a  seedling  of  September,  1907,  which  was  brought  into  the 
greenhouse  in  early  December,  1908,  and  remained  there  during  the 
winter.  The  illustration  shows  that  only  one  of  the  two  flowering 
buds  on  the  upper  twig  has  started,  one  of  the  four  on  the  lower 
twig,  and  none  of  the  leaf  buds. 

There  can  be  no  question  that  for  ordinary  purposes  blueberry 
plants  should  be  wintered  outdoors.  If  it  is  desired  in  experimental 
work  to  force  blueberry  plants  to  fruit  in  a  greenhouse  during  their 
second  winter,  it  will  be  necessary  either  to  etherize  them  or  to  find 
out  some  other  method  of  treatment  by  which  the  starch  in  their 
twigs  can  be  transformed  into  other  carbohydrates  available  for  the 
building  up  of  new  plant  tissues.    The  writer  believes  that  in  the 
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hard-wooded  deciduous-leaved  trees  and  shrubs  of  cold  countries  this 
transformation  of  starch  will  be  found  to  be  caused  normally  by  the 
changes,  probably  enzymatic,  that  follow  exposure  to  an  alternation 
of  high  and  low  temperatures  rather  than  exDOSure  to  a  single  low 
temperature. 

(33)  Dormant  plants  make  their  early  spring  twig  growth  before  new 
roots  begin  to  dkvklop 

The  root  growth  of  blueberry  plants  in  early  spring  is  verj'  slug- 
gish, in  strong  contrast  to  the  activity  of  their  stems.  In  the  plant 
illustrated  in  Plate  XIII,  figure  2,  no  new  root  growth  had  taken 
place  up  to  the  time  the  photograph  was  made.  For  their  early 
spring  growth  bluel)erry  plants  seem  to  depend  on  the  food  storetl  in 
their  twigs  the  year  before.  A  microscopical  examination  has  shown 
that  the  pith  and  medullary  rays  of  winter  twigs  are  gorged  with 
starch. 

It  may  be  of  interest  to  state  here,  as  bearing  on  the  difficulty  of 
making  stem  growth  exhibited  by  an  improperly  wintered  blueberry, 
that  the  indoor  plant  shown  in  figure  1  of  Plates  XII  and  XIII  had 
made  considerable  new  root  growth  at  the  stage  shown  in  Plate  XII 
and  abundant  root  growth  in  Plate  XIII.  The  starting  of  dormant 
buds  appears  from  this  and  many  other  similar  cases  not  to  l)e  influ- 
enced by  the  presence  or  absence  of  new  root  growth. 

A  practical  suggestion  based  on  the  late  spring  root  development  of 
the  blueberry  is  that  transplanting  may  perhaps  l>e  done  up  to  the 
time  of  flowering  with  little  injury  to  the  plant. 

(34)     T'NLESS  POLLINATED  BY  AN  OUTSIDE  AGENCY,   SUOFI    AS    INSECTS,  THE  FLOWERS 
PRODUCE  LITTLE  OR  NO  FRUIT. 

Many  blueberry  plants,  from  seed  germinated  in  September.  1907. 
were  brought  into  flower  in  one  of  the  Department  greenhouses  dur- 
ing the  winter  of  1908-9.  When  left  to  themselves  the  flowers  rarely 
produced  fruit.  The  greenhouse  contained  few  pollen-carrying  in- 
sects, a  few  ants  arid  flies  merely,  no  bees.  It  was  found  that  the 
flowers  were  so  constructed  as  to  be  unable  ordinarily  to  pollinate 
themselves.  The  lack  of  fruit  was  evidently  due  to  lack  of  pollina- 
tion.    AVhen  pollinated  artificially  the  flowers  usually  produced  fruit. 

In  its  natural  position  the  flower  (tig.  27)  is  not  erect  but  in- 
verted, the  narrow  orifice  of  the  corolla  being  lowermost,  the  nectar 
welling  up  from  the  surface  of  the  disk  betw^een  the  base  of  the  style 
and  the  base  of  the  filaments.  The  ten  stamens  and  the  style  hang 
downward  within  the  corolla,  the  str.mens  being  shorter  than  the 
style.  The  pollen  when  mature  drops  down  from  the  two  anther 
sacs  through  the  two  anther  tubes  which  the  stamens  of  these  plants 
])ossess  and  out  at  the  terminal  pores.     (See  fig.  28.) 
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The  operation  of  the  meclianism  for  releasing  the  pollen  may  be 
observed  with  u  high-power  hand  lens.  The  stamens  hang  in  a  close 
circle  about  the  style.  The  filaments  are  broad  and  laced  into  a  tight 
tube  by  the  interweaving  of  their  marginal  hairs,  the  anther  sacs 
pre?;;  close  together,  and 
iherefore  the  only  con- 
venient way  of  access  to 
tile  nectar  is  through  the 
slits  between  the  anther 
tubes.  The  anther  tubes 
«re  stiff  and  when  one  of 
them  is  pushed  to  one 
side  the  movement  is 
communicated  to  the  an- 
ther sac.  The  pollen  if 
nature  is  dislodged  and 
falls  down  the  tube  and 
out  at  the  orifice. 

The  pollen  does  not 
tome  out  of  the  anthers 
readily  on  a  cloudy,  humid  day,  but  on  a  warm,  sunny,  dry  day  it 
sccumulates  in  the  tubes  and  when  they  are  moved  it  runw  out  like 
grain  from  a  grain  chute.  The  pollen  grains  (fig.  29)  do  not  stick 
to  the  sides  of  the  parchment-like  anther  tubes  when  these  are  dry, 
but  they  have  the  faculty  of  adhering  to  hard  surfaces,  such  as  gliiss 
or  the  lead  of  a  lead  pencil,  and 
they  doubtless  would  adhere  also  to 
the  hard  shell  of  an  insect  whether 
it  was  covered  with  hairs  or  not. 

The  pores  of  the  anther  tubes  do 
not  open  squarely  across  the  ends 
of  the  tubes,  but  they  are  set  on  a 
long  bevel  facing  inward.  The 
|>ollen  when  release*!  would  tlierv- 
fore  fall  upon  the  stigma  were  it 
not  for  a  peculiarity  in  the  struc- 
ture of  that  organ.  The  sticky 
stigmutic  surface,  which  the  pollen 
must  reach  to  etTect  pollination. 
r  top-sbajjed  stigma,  while  the  sides 
of  the  stignia  as  far  up  as  the  middle  have  a  dry  surface  ending  in  u 
Aort  collar  a  little  wider,  during  the  early  maturity  of  the  stignia. 
than  the  widest  part  of  the  stigmatic  surface.  (See  fig.  30.)  In  the 
inverted   position  of  the  flower  the  falling  pollen  strikes  this  dry 
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FiQ.  29. — Compound  pollen  grain  of  the 
blueberry,  conslBting  of  four  simple 
ffraina  permanently  cohering.  (En- 
larged 200  diameters.) 


surface,  like  the  outside  of  an  inverted  funnel,  and  drops  off  the  rim 
or  remains  on  it,  without  reaching  the  stigmatic  surface  which  lies 
protected  beneath. 

Ordinarily  pollination  is  effected  by  some  insect  which,  pushing 
into  the  orifice  of  the  corolla  from  beneath  in  search  of  nectar,  releases 
the  pollen,  as  already  described.  In  continuing  its  quest  for  nectar 
the  insect  brushes  against  the  stigma  with  some  portion  of  its  body, 

which  is  covered  with  pollen,  either 
from  the  same  flower  or  from  some 
other  flower  previously  visited. 

In  pollinating  the  flowers  by 
hand  it  was  foimd  impracticable  to 
collect  sufficient  pollen  to  apply 
with  a  brush.  The  following  sim- 
ple and  convenient  method  of  pol- 
lination was  devised:*  A  wide  opening  was  torn  in  a  corolla  with  a 
pair  of  forceps,  so  that  the  stamens  and  stigma  could  be  approached 
from  the  side.  Then  the  lead  of  a  lead  pencil,  flattened  on  one  side 
and  held  horizontally,  was  brought  up  against  the  open  ends  of  the 
anther  tubes  from  below.  A  portion  of  the  falling  pollen  was  caught 
on  the  flat  lead,  where  it  could  be  seen  easily  because  of  the  blackness 
of  the  background.  Pollination  was  then  completed  by  touching  the 
stigmatic  surface  gently  two  or 
three  times  with  the  pollen-laden 
lead.  A  pollinated  flower  may  be 
marked  readily  by  pinching  off 
with  forceps  one  or  more  of  the 
calyx  lol>es.  Fruit  was  produced 
from  flowers  pollinated  either  with 
their  own  pollen  or  with  pollen 
from  another  flower. 

The  self-pollination  of  a  blue- 
berry flower,  without  insect  aid,  ap- 
pears to  occur,  but  only  occasion- 
ally. On  greenhouse  plants  fruit 
is  rarely  produced  when  the  flowers 
are  not  artificially  pollinated,  and 
the  same  is  true  of  outdoor  plants  protected  from  insects  by  a 
covering  of  gauze.  The  conditions  of  these  observations  were  not 
such  as  to  obviate  all  possibility  of  the  accidental  visit  of  some  insect^ 
but  it  is  believed  that  real  self-pollination  occurred  in  some  cases. 

(.35)    THK  FRUIT  MATURKS  ABOUT  TWO  MONTHS  AFTER  THE  FLOWERING. 

A  few  days  after  pollination  the  corolla,  with  the  stamens,  falls 
off.    The  stigma  at  this  time  has  turned  brown,  and  within  a  day  or 


Fig.  30. — Pistil  and  calyx  of  the  bine- 
berry,  showing  the  style  and  stlgnu- 
(Enlarged  5  diameters.) 
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two  the  style  also  falls.  The  calyx  remains  permanently  attached  to 
the  ovary  and  berry.  About  a  week  after  the  opening  of  the  corolla, 
the  ovary,  which  at  first  was  much  narrower  than  the  expanded  calyx, 
b^ns  to  swell  and  grow.  This  growth  continues  for  about  a  month, 
and  then  for  about  another  month  the  green  berry  makes  little  in- 
crease in  size.  A  few  days  befpre  the  time  of  ripening  the  calyx 
turns  purplish,  next  the  green  color  of  the  berry  takes  on  a  trans- 
lucent appearance,  the  next  day  it  turns  to  a  light  purple,  and  the 
following  day  to  a  dark  purple  or  whatever  its  permanent  color  may 
be.  During  these  few  days  the  berry  makes  a  very  rapid  growth,  its 
diameter  often  increasing  50  per  cent.  After  reaching  its  permanent 
color  the  berry  changes  little  in  size,  but  for  several  days  continues 
to  improve  in  sweetness  and  flavor. 

It  is  a  characteristic  of  blueberries,  important  from  the  standpoint 
of  picking,  that  after  ripening  they  will  remain  on  the  bush  a  long 
time,  often  a  month  or  more,  without  losing  their  plumpness  or  their 
flavor.  This  makes  possible  the  removal  of  all  the  berries  from  a 
bush  at  one  clean  picking,  unless  to  catch  a  fancy  market  a  partial 
early  picking  is  desired. 

It  is  of  interest  to  record  that  although  the  largest  berry  observed 
on  the  parent  bush  of  the  seedlings  of  September,  1907,  was  0.46  of 
an  inch  in  diameter,  a  berry  ripened  in  the  greenhouse  on  one  of  these 
iwdlings  measured  on  April  24,  1909  (PI.  XV),  0.49  of  an  inch  in 
diameter,  and  August  2,  1909,  one  of  the  same  seedlings  had  a  ripe 
berry  0.5  of  an  inch  in  diameter. 

^36)    So  FAR  AS  OBSEBVED  THE  SWAMP  BLUEBEBRY   WHEN   GROWN   IN   ACID  SOILS   IS 
LITTLK  SUBJECT  TO  FUNGOUS  DISEASES  OR  INSECT  PESTS. 

Like  all  plants  grown  in  greenhouses,  blueberry  seedlings  need  to 
be  watched  in  order  to  detect  and  stop  promptly  any  fungous  or 
insect  pests  that  may  appear. 

With  the  exception  of  the  Asterocystis-like  root  fungus  described 
on  page  65  as  occurring  on  sickly  plants  in  alkaline  soils,  the  only 
parasitic  fungus  found  on  any  of  the  plants  was  a  mildew  identified 
by  Mrs.  Flora  W.  Patterson  as  Miero8ph(iera  alni  vaccinii^  which  ap- 
peared sparingly  when  the  atmosphere  of  the  greenhouse  was  too 
moist.  This  mildew  is  abundant  on  Vaccininm  vacillans^  both  wild 
and  cultivated,  but  the  swamp  blueberry  is  very  little  subject  to  its 
attacks,  an  important  characteristic.  This  fungus  would  doubtless 
''pspond  readily  to  the  ordinary  treatment  for  mildew  with  pulverized 
^dphur. 

Among  insects  a  green  aphis  sometimes  threatened  to  damage  the 
powing  twigs,  but  it  was  easily  destroyed  by  tobacco  fumigation. 

The  greenhouse  red  spider  {Tetranyehnsi  himamilatns)  infested 
some  of  the  cultures,  especially  in  the  warmer  greenhouses,  occurring 
Aiefly  on  the  backs  of  the  leaves,  and  serious W  injured  the  plants 
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unless  promptly  checked.  The  most  satisfactory  treatment  was  to 
syringe  the  plants  once  or  more  a  day  with  a  swift  spray  of  water, 
repeating  the  treatment  until  the  animals  were  cleared  off.  "" 

A  pathological  condition  observed  in  the  summers  of  both  1908  and 
1909,  at  first  supposed  to  be  physiological  in  cause,  has  now  been 
traced  to  an  insect.  The  young  leaves  of  tender  shoots  become  semi- 
transparent  or  "  watery "  in  appearance,  remain  small,  develop  a 
faintly  rusty  color  on  the  lower  surface,  tend  to  become  slightly 
cockled,  and  sometimes  turn  brown  and  wither.  It  was  finally  ob- 
served that  these  leaves  were  infested  with  a  very  minute  animal, 
much  smaller  than  a  red  spider  and  when  not  in  motion  difficult  to 
distinguish  with  a  strong  hand  lens.  Specimens  submitted  to  Mr. 
Nathan  Banks,  of  the  Bureau  of  Entomology,  were  identified  by  him 
as  a  mite  of  the  genus  Tarsonemus  and  belonging  probably  to  an 
undescribed  species. 

A  similar  and  perhaps  identical  mite  had  done  considerable  dam- 
age to  young  seedlings  in  the  greenhouse  during  the  winter  of  190&-9, 
its  presence  being  indicated  by  the  conspicuous  cockling  of  the  ^ 
leaves.    The  difficulty  had  then  been  met  by  the  pruning  of  the    j 
affected  twigs.    It  was  observed,  however,  in  the  summer  of  1909    I 
that  the  mite  producing  the  watery  appearance  of  the  leaves  did  not 
occur  on  outdoor  plants  fully  exposed  to  rain  and  dew,  but  only  on 
plants  partly  or  wholly  protected  by  glass.    It  is  suggested,  therefore, 
that  frequent  syringing  with  water  may  be  the  proper  means  to 
control  this  mite. 

On  the  whole,  this  species  of  blueberry  when  properly  grown  may 

be  regarded  as  unusually  free  from  the  depredations  of  fungi  and 
insects. 

IMPBOVEMENT  AND  PBOPAGATIOIT. 

(37)  The  parent  plant  of  the  swamp  blueberry  seedlings,  the  culture  or 
vviiiCH  has  been  described,  bore  berries  over  half  an  inch  in 
diameter. 

The  parent  of  the  blueberry  seedlings  of  1908  was  a  bush  of 
Vacdnium  corymhosum  selected  at  Greenfield,  N.  H.,  in  July,  1908, 
after  three  summers  of  cursory  observation  in  the  mountains  of 
southern  New  Hampshire  and  three  weeks  of  diligent  search  in 
the  summer  of  1908.  The  bush  grew  at  an  elevation  of  950  feet 
above  the  sea.  It  stood  with  many  other  blueberry  bushes  in  an 
old,  brushy,  mountain  pasture,  in  permanently  moist  but  not  swampy 
soil.  It  was  about  7  feet  in  height,  and  the  largest  of  the  several 
stems  was  about  2  inches  in  diameter.  The  plant  was  old  and  some- 
what decrepit,  the  tops  on  some  of  the  stems  being  partially  dead. 
Some  parts  of  the  busli,  however,  were  in  full  vigor,  with  robust 
foliage  and  twigs.  The  leaves  were  dark  green  above  and  pale 
glaucous  green  beneath,  with  entire  margins,  and  smooth  on  both 
sides  except   for  a  slight  pubescence  on  the  midrib  and  principal 
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veins  of  the  upper  surface.  They  were  of  large  size,  on  the  fruiting 
twigs  reaching  a  length  of  2  inches  and  a  breadth  of  1  inch  and  on 
vigorous  shoots  having  the  corresponding  measurements  2.6  and  1.5 
inches.  The  character  of  the  leaves  is  mentioned  in  detail  because 
of  the  remarkable  variation  shown  in  the  leaves  of  the  seedlings, 
particularly  in  size,  toothing,  color,  and  pubescence.  The  large 
flowers  produced  in  the  spring  of  1909  were  0.4  of  an  inch  (10  mm.) 
long  from  the  base  of  the  ovary  to  the  tip  of  the  corolla ;  the  sepals 
were  very  short,  and  the  corolla  white  and  nearly  cylindrical. 

The  berries  were  of  large  size,  reaching  a  diameter  of  over  half 
an  inch.  The  color  was  an  unusually  pale  blue,  due  to  a  dense 
bloom  or  glaucouaness  over  the  nearly  black  surface.  In  form  the 
berry  was  not  spherical,  but  somewhat  depressed  or  tomato  shaped. 
The  calyx  in  the  ripe  berry  (PI.  VI,  fig.  1)  was  almost  obliterated, 
because  it  was  small  in  the  beginning  and  because  of  lateral  stretch- 
ing of  the  berry  in  acquiring  its  depressed  form.  This  smallness  of 
calyx  is  of  importance,  because  in  such  a  berry  no  shelter  is  afforded 
beneath  the  sepals  for  insects,  and  also  because  the  amount  of  ^'  rag,'' 
or  indigestible  skin,  is  much  less  than  in  a  berry  with  a  large  calyx. 
In  flavor  the  berry  was  exceptionally  good.  It  was  sufficiently  acid 
to  be  decidedly  superior  to  the  mild,  sweet  berry  of  Vaccinhim  penn- 
tylranicuniy  yet  not  sour  like  the  berry  of  F.  canadense.  It  repre- 
sents (me  of  the  best  types  of  flavor  in  the  variable  F.  corymbosum. 

The  only  unfavorable  feature  of  this  bush  was  the  lateness  in 
the  maturity  of  its  berries,  a  characteristic  of  the  species  to  which 
it  belongs.  The  earliest  New  England  berries,  which  bring  the  fancy 
wholesale  price  of  20  cents  or  more  per  quart  for  the  first  few  days, 
ss  described  on  page  12,  are  those  of  the  dwarf  Vaccinium  penn- 
sylvanicufn^  which  mature  about  two  weeks  earlier  than  those  of 
F.  cofymbosum. 

The  size  of  the  berry  is  of  such  importance  as  to  warrant  an  exact 
record  of  the  measurement,  not  only  of  the  largest  berries  but  of  all 
the  berries  from  an  average  picking.  On  August  2,  1908,  an  average 
pint  of  berries  was  taken  out  of  a  clean  picking  of  this  bush  and  each 
berry  was  measured.  The  measuring  was  done  by  means  of  a  metal 
plate  containing  a  series  of  circular  holes  5,  6,  7  mm.,  etc.,  in  diam- 
eter.   The  pint  of  berries  showed  the  following  sizes : 

Diameter  of  berry.  NumlK^r  of  berries. 

7  to    8  mm 2 

8  to    0  mm 50 

9  to  10  mm ^ 191 

10  to  11  mm 278 

11  to  12  mm 137 

12  to  13  mm 10 

13  to  14  mm 3 
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The  largest  berry  measured  on  this  bush  was  14.02  mm.  (0.552  of  an 
inch)  in  diameter. 

Three  quarts  of  berries  were  picked  from  the  bush;  all  those  less 
than  10  mm.  in  diameter  were  discarded,  and  the  remainder,  about  2 
quarts,  were  carried  to  Washington  for  seed  purposes. 

(38)  There  is  every  reason  to  bei.ieve  that  the  blueberry  can  be  impbovex) 
by  breeding  and  by  selection. 

The  swamp  blueberry  (VacciniuTn  coryrribosum)  is  an  exceedingly 
variable  bush.  There  are  three  especially  well-marked  forms,  called 
F.  amoenum^  F.  atrococcum^  and  F.  pallidum^  by  some  authors 
regarded  as  distinct  species,  by  others  as  forms  of  V,  carymbosum. 
Within  the  limits  of  these  forms  variation  is  also  extensive.  There  is 
great  opportunity  for  selection  among  wild  varieties  in  the  size,  color, 
flavor,  and  time  of  ripening  of  the  berries  and  in  the  productiveness 
and  vigor  of  the  bushes. 

That  types  possessing  desirable  qualities  can  be  crossed  there  is  no 
question.'  A  method  of  pollination  has  already  been  described  (see 
p.  78),  which,  supplemented  by  the  removal  of  the  stamens  on  the 
female  parent  before  they  have  matured  their  pollen  and  also  by  the 
protection  of  the  pollinated  flowers  from  insects,  would  insure  a 
genuine  cross. 

The  possibility  of  securing  valuable  varieties  is  accentuated  by  the 
marked  variation  observed  in  the  character  of  the  offspring  of  the 
large-berried  bush  from  which  the  seedlings  of  1908  were  grown.  Be- 
sides minor  variations,  these  seedlings  show  three  forms  which  may 
be  regarded  as  types.  One  of  these,  characterized  by  its  low  stature 
and  leaves  tending  to  be  conduplicate  and  by  its  long  persistence  into 
the  winter  in  a  green  state,  is  perhaps  the  result  of  some  pathological 
difficulty.  Two  of  the  types,  however,  appear  in  every  way  to  be 
normal.  One  has  its  leaves  large,  obovate-elliptical,  glaucous  on  the 
back,  and  with  entire  margins,  such  as  are  possessed  by  the  parent 
and  are  typical  of  true  Vaccinium  corymhosum^  and  it  develops  only 
a  few  though  very  robust  stems,  with  few  flowering  buds.  The  other 
has  smaller,  narrower  leaves,  green  on  both  surfaces,  and  with  mar- 
gins closely  and  evenly  serrulate.  It  produces  many  stems  smaller 
than  those  of  the  other,  and  more  numerous  flowering  buds.  It  is 
strongly  suggestive  of  the  plant  called  Vaccinium  amoennm.  It  is 
much  larger  and  more  robust  than  F.  pcnnsylvanicfim,  and  may  pos- 
sibly be  a  hybrid  between  that  species  and  F.  corymboaum. 

The  characters  of  bush  and  foliage  in  these  two  types  have  not  yet 
been  correlated  with  any  differences  they  may  show  in  flower  and 
fruit.  It  is,  however,  of  great  interest  that  these  same  two  types 
occur  among  the  seedlings  of  1907,  as  well  as  those  of  1908,  which 
came  from  a  different  though  similar  bush  growing  about  2  miles 
from  the  other. 
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(39)  The  swamp  bluebebby  has  been  propagated  by  grafting,  by  budding,  by 
layering,  by  twig  cuttings,  and  by  root  cuttings. 

On  March  2, 1909,  a  few  scions  of  the  large-berried  bush  from  New 
Bampshire,  dormant  winter  twigs,  were  grafted  on  seedlings  of  1907 
thich  had  been  started  into  growth  in  the  greenhouse.  The  actual 
tork  of  grafting  was  done  by  Mr.  Edward  Goucher.  All  were 
iimple  splice  grafts,  the  diagonal  cut  being  about  0.75  of  an  inch  in 
fngth,  the  diameter  of  stock  and  scion  at  the  point  of  contact  about 
0  of  an  inch,  and  the  length  of  the  scion  about  2.5  inches  after  it 
fcj  cut  off  at  the  tip  just  below  the  lowest  flowering  bud.  The 
lice  was  wrapped  tightly  and  completely  with  raffia,  but  no  wax  was 
plied  except  to  the  cut  tip  of  the  scion.  In  order  to  prevent  a  pos- 
ible  injurious  degree  of  evaporation  from  the  scion,  the  whole  graft, 
phich  was  near  the  base  of  the  plant,  was  surrounded  nearly  to  the 
of  the  scion  with  a  loose  mass  of  sphagnum,  which  was  kept 
tly  moist  though  well  aerated. 
All  the  scions  put  out  new  growth  from  their  buds  in  about  ten  days, 
half  the  grafts  union  did  not  take  place,  the  new  growth  finally 
apsed,  and  the  scion  died.  In  the  others  the  surfaces  united 
isfactorily  and  the  wrapping  was  removed.  By  the  end  of  the 
son  of  1909  the  grafts  had  made  a  growth  of  5  to  8  inches  and 
laid  down  flowering  buds.  (See  PI.  XVI,  fig.  1.) 
The  first  experiments  in  budding  were  begun  on  August  13,  1909, 
work  being  done  by  Mr.  Henry  H.  Boyle.  Seven  seedlings  of 
and  1907  were  budded  with  summer  leaf  buds  of  the  large- 
ied  Vaccinium  corymboaum  bush  from  New  Hampshire.  On 
ngust  16,  6  other  seedlings  of  1906  and  1907  were  budded  with  buds 
large-berried  plants  of  F.  pallidum  from  North  Carolina.  On 
pteniber  2  and  3,  1909,  26  more  seedlings,  of  1907  and  1908,  were 
ded  with  buds  from  the  New  Hampshire  bush.  The  buds  were 
rted  near  the  base  of  the  plant  on  stems  0.25  to  0.5  of  an  inch  in 
nieter.  The  method  of  procedure  was  that  used  in  ordinary  bud- 
.  as  of  peaches,  the  same  T-shaped  cut  being  made  in  the  bark  of 
stock,  the  bud  wood  cut  to  the  length  of  half  an  inch  or  a  little 
.  and  the  bud  after  insertion  wrapped  tightly  with  raffia. 
The  percentage  of  success  in  the  budding  was  small.  Out  of  the  39 
pilots  budded  only  16  retained  their  bud  alive  and  in  apparently 
!P»d  condition  at  the  end  of  the  season,  and  the  following  spring 
^y  5  were  alive  and  in  condition  to  grow.  Phite  XVI,  figure  2, 
**  reproduction  of  a  photograph  of  one  of  the  successful  buds  from 
"*  l»rge-berried  New  Hampshire  bush,  taken  in  the  winter  of  1909- 
M  after  union  had  taken  place,  the  wrapping  had  been  removed,  and 
"*  stock  had  been  cut  off  above  the  bud. 

Comments  on  some  of  the  features  of  these  budding  experiments 
*>J  be  useful  to  other  experimenters.    The  growth  of  the  stems 


84  EXPERIMENTS  IN   BLUEBERRY  CULTURE. 

during  the  portion  of  the  season  remaining  after  the  budding  i»u 
sufficient  to  strain  the  wrappings  and,  unless  the  bud  wood  was  hd  I 
tightly  for  its  whole  length,  to  push  the  bud  out  of  place.    It  m 
found  best  to  leave  the  bud  tightly  wrapped  to  the  end  of  the  se&9i 
notwithstanding  the  fact  that  the  stock  might  become  deeply  creasi 
and  choked. 

■ 

An  examination  of  the  buds  that  failed  showed  that  in  most  C9$ 
bark  or  callus  from  the  stock  had  intruded  between  the  stock  wd 
and  the  bud  wood,  sometimes  covering  the  entire  surface.  ^VM 
the  bud  wood  in  some  such  cases  was  in  part  still  alive  and  green^ 
was  of  course  doomed.  ] 

As  late  as  August  30  in  New  Hampshire,  and  September  3l 
Massachusetts,  bushes  of  the  swamp  blueberry  were  found  in  which  1 
bark  would  peel  and  buds  could  be  inserted.  On  September  2  noi4 
bushes  of  Vaccinium  atrococcum  could  be  found  at  Washingtonj 
condition  to  bud.  Even  in  Massachusetts  and  New  Hampshire,! 
the  dates  mentioned,  most  of  the  bark  on  all  the  bushes  and  al!  o^ 
on  many  bushes  would  not  peel.  Bark  still  in  good  condition 
curred  mostly  on  vigorous  shoots  of  the  season  and  in  some  cases 
the  preceding  season.  Sometimes  the  bark  on  the  north  side  of 
erect  shoot  would  peel  when  that  on  the  south  side  would  not.  B4 
still  green  and  whole  would  peel  when  near-by  bark  which  from  i 
and  exposure  had  begim  to  turn  brown  and  split  on  the  surface  woi 
not  peel. 

Propagation  by  layering  was  carried  on  in  1908  and  1909. 
the  greenhouse  experiments  moist  live  sphagnum  proved  to  be  a 
successful  material  than  peat  and  sand  in  which  to  root  a  lay 
branch.     When  the  branch  laid  down  was  one  which  was  harde 
its  wood  but  still  bearing  leaves,  it  callused  and  rooted  readily  in 
sphagnum  at  the  point  where  the  bark  was  sliced,  but  when  a  yo! 
soft-wooded  branch  was  used  it  usually  began  to  decay  at  the 
and  finally  died.  Although  several  times  tried  it  was  never 
practicable  to  sever  a  layered  and  rooted  branch  from  the  pa 
plant  successfully  except  at  the  period  of  winter  dormancy  after  t 
leaves  had  been  shed. 

(40)  The  most  dksirablk  method  of  propagating  the  swamp  blueberry  is 
cuttings. 

^AHiile  the  surest  method  of  propagating  a  selected  bluel>erry  bo 
is  by  layering,  and  the  most  rapid  method  of  securing  fruiting  pla>5 
from  it  is  by  grafting,  both  these  methods  have  certain  objectia 
which  do  not  apply  to  the  method  of  propagation  by  cuttings. 

Propagation  by  graftini^  is  objectionable  because  of  the  habit  u 
blueberry  plant  has  of  continually  sending  up  new  shoots  to  repla 
the  old  stems.    These  shoots  come  from  the  root  or  from  the  base  • 

J93 


i  Fig.  1.— Grafted  BLUEsennv. 


The  line  ol  union  bctncea  thOHtock  and  Ihe  fcion  in  Bxure  I  is  clonrl)- nhown.    Two  tviigx  hnd 
,       Einitnfmin  the  scion,  nahurt  one  near  the  [IpHnd  a  vfKciroiii"iiit  from  tin;  lowerparl.    [n  lifiurc 

»  (TOW.   The  InM'l  tlRuru  la  about  Itiree  limeM  iiatuml  ilze.    Tlie  two  main  Hkutoi  ere  natural 


I  • 

1 


PKOPAGATION  BY  CUTTINGS,  85 

Ihe  stem  just  below  the  surface  of  the  ground.  Originating  below 
tile  graft  they  would  not  bear  fruit  of  the  variety  desired,  and  such 
■  grafted  plant  would  always  be  liable  to  serious  depreciation  in 
nlue.  It  is  suggested,  however,  for  the  benefit  of  any  who  may 
idesire  to  follow  up  this  method  of  propagation,  that  a  plant  produced 
iby  root  grafting  would  be  somewhat  less  liable  than  a  stem  graft  to 
|the  production  of  shoots  from  the  stock. 

Propagation  by  layering  is  not  open  to  the  objection  just  raised 
■gainst  propagation  by  grafting.  The  difficulty  with  layering  is 
juiat  only  a  few  plants  can  be  propagated  from  a  parent  in  this  way 
bt  one  time.  The  method  of  layering  is  slow  and  therefore,  from  a 
pommercial  point  of  view,  faulty. 

I  Propagation  by  cuttings,  whether  of  the  root  or  the  stem,  is  subject 
■>  neither  of  the  objections  raised  to  grafting  and  to  layering.  In 
1  plant  raised  from  a  cutting  the  whole  plant  body,  including  the 
wooU  is  of  the  variety  desired,  and  alien  shoots  can  never  be  pro- 
jluced.  Furthermore,  hundreds  or  even  thousands  of  cuttings  may 
|ie  taken  at  one  time  from  a  valuable  plant  and  a  large  stock  of  off- 
ering can  soon  be  accumulated. 

1  The  present  objection  to  the  propagation  of  the  swamp  blueberry 
■y  cuttings  is  the  difficulty  of  making  a  high  percentage  of  the  cut- 
tings grow.  In  this  respect  the  experience  of  the  last  two  years  may 
ft  characterized  as  a  series  of  frequent  alternations  of  high  hopes  and 
iisappointing  failures.  The  intimate  knowledge,  however,  acquired 
these   experiments  regarding  the  behavior  of  cuttings  under 

ny  diflFerent  conditions  gives  ground  for  confidence  in  ultimate 
ccess;  but  as  we  are  only  in  the  middle  of  things  in  this  matter  a 

1  description  of  the  experiments  with  cuttings  must  be  deferred 

til  satisfactory  results  shall  confirm  our  confidence  in  the  methods 

For  the  present  it  may  suffice  to  show  an  illustration  of  a  plant  from 
i  root  cutting  (fig.  31)  and  another  of  plants  from  twig  cuttings 
rPl.  XVII)  of  the  big-berried  bush  from  Greenfield,  N.  H.  In  Plate 
KVIII  is  illustrated,  from  a  photograph  taken  in  the  winter  of  1009-10, 
I  plant  grown  from  a  cutting  taken  on  October  15,  1908,  from  a  seed- 
ling of  September,  1907.  Although  itself  only  a  year  old,  and  even 
Bien  taken  from  a  seedling  only  a  year  old,  the  plant  after  passing 
(he  -winter  of  1908-9  in  the  greenhouse  and  the  summer  of  1909  out- 
loors,  had  laid  down  156  flowering  buds  at  the  time  it  was  photo- 
jrraphed. 

While  these  cases  show  that  swamp  blueberry  plants  can  be  pro- 
duced successfully  from  root  cuttings  and  stem  cuttings,  the  successes 
^ave  been  so  erratically  distributed  that  the  recommendation  of  any 
Articular  method  is  hardly  warranted  at  the  present  time. 
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It  should  be  stated  here  that  those  species  of  blueberry  which 
spread  by  rootstocks,  such  as  Vaccinium  pennsylvanicum^  and  other 
related  plants  having  the  same  habit,  like  the  deerberry  (Polt/codium 
stamineum)  and  the  dwarf  huckleberry  {Gayluasacia  dumosa)^  have 


Fio.  31. — Blueberry  plant  grown  from  a  root  cutting.     (Natural  sise.) 

been  reproduced  without  difficulty  by  rootstock  cuttings.  This 
method  is  not  generally  applicable  to  the  swamp  blueberry,  however, 
as  large  plants  of  this  species  seldom  produce  rootstocks. 

FIELD  CULTURE. 

(41 )   Experiments  have  been  begun  in  the  field  cultube  of  the  swamp  blue- 
berry. 

'\^niile  the  results  of  the  pot  culture  experiments  are  regarded 
as  highly  successful  and  satisfactory,  the  experimental  field  plant- 
ings made  in  1908  and  1909  can  not  be  said  to  have  given  more  than 
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promising  results.  It  is  true  that  out  of  one  planting  of  179  seed- 
lings of  1907  made  in  a  partially  moist  natural  meadow  at  Green- 
field, N.  H.,  in  early  July,  1908,  97  per  cent  outlived  the  severe 
drought  of  that  summer  and  the  rigors  of  the  following  winter, 
and  6  per  cent  flowered  and  set  fruit.  The  plants  were  not  observed 
during  the  ripening  season.  AVhile  this  record  of  flowering  and 
fruiting  in  plants  2  years  of  age  may  be  regarded  as  satisfactory 
in  comparison  with  the  several  years  supposed  by  the  earlier  experi- 
menters to  be  required  before  fruiting,  it  nevertheless  can  not  be 
regarded  as  satisfactory  in  comparison  with  the  pot  cultures  from 
the  seedlings  of  1908,  of  which,  as  stated  on  page  73,  70  per  cent 
were  prepared  to  flower  in  1910,  their  second  year. 

While  the  results  of  the  field  experiments  thus  far  made  are  re- 
garded as  in  no  wise  approaching  what  may  confidently  and  reason- 
ably be  expected,  they  nevertheless  may  serve  even  at  this  early  stage 
to  convey  some  'useful  lessons. 

The  field  planting  of  179  plants  already  referred  to  contained 
84  plants  which  had  never  been  potted  but  were  torn  apart  out 
of  their  original  seed  flat  while  in  full  growth  and  set  outdoors  in 
the  place  indicated.  These  plants  after  such  severe  treatment  never 
grew  to  be  robust  and  none  of  them  flowered.  It  was  among  them 
that  all  but  two  of  the  deaths  in  the  field  occurred.  That  any  of 
the  plants  should  survive  such  rough  usage  is  of  interest  experi- 
mentally, but  in  actual  practice  such  a  method  should  never  of  course 
be  followed. 

Most  of  the  field  plantings  were  made  in  areas  where  the  natural 
soil  had  been  chopped  with  a  mattock  to  the  diameter  of  about  18 
inches  and  the  depth  of  about  8  inches  immediately  before  the  plant- 
ing. It  is  evident  from  the  comparison  of  certjiin  plantings  made 
in  1909  that  a  growing  plant  when  set  out  in  such  freshly  chopped 
swl  receives  a  serious  setback.  On  June  4,  1909,  216  seedlings  of 
1908  were  set  out  in  new  holes  prepared  as  described  above,  and  48 
other  seedlings  of  1908  were  used  at  the  same  time  to  replace  dead 
or  feeble  plants  set  out  in  the  preceding  year.  These  48  plants  there- 
fore went  into  soil  that  had  rotted  for  a  year,  although  it  was  in 
part  penetrated  again  by  new  roots  from  the  surrounding  native 
vegetation.  When  next  examined,  on  June  30,  the  two  groups  of 
plants  showed  the  most  marked  difference  in  growth.  The  plants 
in  the  new  holes  showed  the  same  purpling  of  the  leaves  and  cessa- 
tion of  growth  as  did  plants  in  the  greenhouse  when  suffering  from 
excessive  acidity  due  to  potting  in  raw  peat.  (See  p.  60.)  The 
plants  in  the  old  holes,  on  the  contrary,  were  nearly  all  of  good  color 
and  growing  well.  It  is  inferred  from  this  observation  that  blue- 
berry plants  will  do  better  if  the  holes  in  which  they  are  set  are 
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filled  with  peat  or  peat  mixture  the  acidity  of  which  has  been 
tempered  by  several  months  of  decomposition. 

In  all  the  field  plantings  thus  far  made  the  plants  were  set  out 
while  in  full  growth.  Although  most  of  them  were  in  pots  when 
transplanted,  and  therefore  carried  their  entire  root  system  with 
them,  nevertheless  it  is  regarded  as  higlUy  probable  that  a  better 
plan  would  be  to  set  the  plants  out  when  dormant,  in  the  early  spring 
of  their  second  year.  Such  a  plan  would  offer  several  advantages 
which  it  is  hardly  necessary  to  recount. 

For  several  days  after  transplanting,  the  plants  were  partially 
shaded.  Paper  and  the  branches  of  various  trees  and  bushes  were 
tried  for  this  purpose.  Pine  branches  stuck  in  the  ground  on  the 
south  side  of  the  plants  were  found  by  far  the  best  of  the  shades  used. 

The  soil  about  the  plants  was  mulched  in  most  cases  with  dead 
leaves,  held  in  place  when  necessary  by  a  little  earth  thrown  over 
them. 

CONCLUSION. 

In  conclusion,  to  those  desiring  to  experiment  with  the  field  culture 
of  the  swamp  blueberry,  whether  with  wild  plants,  aeodlinga,  or 
plants  grown  from  cuttings,  two  modes  of  treatment  are  suggested, 
both  deduced  from  the  experiments  already  made.  The  first  method, 
suited  to  upland  soils,  is  to  set  the  plants  in  trenches  or  separate 
holes  in  well-rotted  peat  at  least  a  foot  in  depth,  and  mulch  the  sur- 
face well  either  with  leaves  or  with  clean  sand.  The  excavatioDs 
should  provide  ample  space  for  new  growth  of  the  roots,  not  leas 
than  a  foot  each  way  from  the  surface  of  the  old  root  ball.  The  peat 
used  may  be  of  either  the  bog  or  upland  type,  as  described  on  pages 
32  to  35  of  this  publication,  and  should  have  been  rotted  for  several 
mcHiths  before  using.  The  soil  in  which  the  holes  or  trenches  are 
situated  should  be  such  as  to  provide  good  drainage,  the  ideal  condi- 
tion of  the  peat  about  the  roots  of  the  plant  being  one  of  continued 
moisture  during  the  growing  season,  but  with  all  the  free  water  drain- 
ing away  readily  so  that  thorough  aeration  of  the  mass  of  peat  is 
assured.  If  the  surrounding  soil  is  sufficiently  porous  to  insure  the 
maintenance  of  such  a  moist  and  aerated  condition,  without  the  neces- 
sity of  mixing  sand  with  the  peat,  better  growth,  it  is  believed,  will 
be  secured  than  when  such  a  mixture  is  used. 

The  second  method  of  field  culture  suggested  is  to  set  out  the  plants 
in  a  peat  bog  after  the  bog  has  been  drained,  turfed,  and  deeply 
mulched  with  sand.  The  treatment  proposed  is  the  same  as  that 
employed  in  cranberry  culture,  except  that  no  special  provision  need 
be  made  for  rapid  flooding  of  the  bog  for  winter.  The  ground  water 
in  the  bog  may  probably  be  kept  with  advantage  a  little  lower  than 
is  usual  with  cranberries.    This  method  of  culture  is  suggested  not 
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only  because  of  the  close  botanical  relationship  of  the  swamp  blue- 
berry and  the  cranberry  and  the  known  similarity  of  their  physiolog- 
iod  requirements  in  the  matter  of  peat  and  moisture,  as  well  as  the 
presence  of  a  mycorrhizal  fungus  in  the  roots  of  both,  but  also  and 
especially  because  the  most  robust  growth  in  all  the  pot  experiments 
occurred  when  the  roots  of  the  plant  were  feeding  on  pure  peat  and 
the  pots  were  surrounded  by  moist  sand.  The  important  effects  of 
these  conditions  are  discussed  on  pages  68  to  71.  Essentially  the  same 
effects,  it  is  believed,  are  secured  by  the  system  of  culture  used  for  the 
crwiberry. 

This  publication  closes  with  no  special  summary  of  results.  The 
inmbered  statements  which  form  its  framework  are  in  themselves  a 
[Sufficient  summary  for  the  general  reader,  and  one  who  is  led  by  these 
Experiments  to  undertake  the  culture  of  the  blueberry  will  find  it 
jprofitable  not  to  begin  his  work  until  he  has  read  the  whole  of  the 
publication.  These  plants  differ  in  their  soil  requirements  so  funda- 
■KDtally  from  all  our  common  cultivated  crops  that  it  is  useless  to 
^xpect  to  succeed  with  their  culture  without  a  thorough  understand- 
^  of  the  principles  governing  their  growth. 
Those  desiring  to  look  into  the  work  of  earlier  experimenters  can 
d  a  key  to  the  literature  in  F.  W.  Card's  book  entitled  ''  Bush 
ruits,"  or  in  the  article  by  W.  M.  Munson  on  Vaccinium,  in  Bailey's 
Vclopedia  of  American  Horticulture. 
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,  uses  in  blueberry  culture 39^0, 52, 66, 84 

^uck,  loss  of  acidity  after  drainage 35 

piulch,  leaves  or  sand,  for  field  ptantinffs 88 

t  moist  leaf,  effect  on  growth  of  blueberry 24 

I  oak-leaf,  sufficient  winter  cover  for  blueberry  plants 74 

!  sand,  for  plunged  pots 68 

193 


96  EXPERIMENTS  IN  BLUEBERRY  CULTURE. 

Munson,  W.  M.,  on  blueberry  cultivation 

Mycorrhiza  in  blueberry  rootlets,  description  and  effects 42-45, 48-51 

ectotrophic 4J 

Myriapods,  hastening  decomposition  of  leaves 

Nectar  of  the  blueberry 7i 

Neutral  soil.    See  Soil,  neutral. 

New  Brunswick,  blueberries  in  Boston  market 

England,  occurrence  of  blueberry  and  related  plants 

Hampshire,  blueberry  shipments,  prices  received 

Jersey,  blueberries  in  Boston  market 

York,  absence  of  blueberry  and  related  plants  in  limestone  soils 

blueberries  in  Boston  market 

experiments  in  blueberry  culture 

Nitrates,  deficiency  in  peaty  soils 41 

determination  in  kalmia  peat 

usually  derived  from  humus 

Nitrification,  action  of  bacteria,  nonoccurrence  in  acid  forest  litter 4' 

Nitrifying  bacteria.    See  Bacteria,  nitrifying. 

Nitrites,  production 

Nitrogen,  absorption  from  soil  in  form  of  nitrates 

atmospheric,  fixation,  by  bacteria 4 

leguminous  plants 4 

root  fungi 4S 

available,  deficiency  in  peaty  soil  due  to  lack  of  nitrifying  bacteria .  4 

relation  of  blueberry  fungus 4 

determinations  in  kalmia  peat 4 

organic,  used  by  fungi 

tuoercles,  development  on  alfalfa  roots 1 

Noncalcareous  soil.    See  Soil,  noncalcareous. 
Normal  solution.    See  Solution,  normal. 

North  Carolina,  blueberries  in  Boston  market 

Nova  Scotia,  blueberries  in  Boston  market 

Nutrient  solution.    See  Solution,  nutrient. 

Nutrition  of  the  blueberry,  theory 

peculiarities  of  the  blueberry 4 

Oak  leaves  and  oak-leaf  mold.    See  Leaves,  oak. 

root  mycorrhiza,  description 

roots,  acidity  teat 6 

sandy  woods,  presence  of  peat  suitable  to  blueberry 3 

Ohio,  absence  of  blueberry  ana  related  plant  in  limestone  soils 

Oliver,  G.  W.,  method  of  germinating  blueberry  seeds 1 

Orchids,  use  of  Maryland  peat  in  growing 

Oregon,  tule  swamps,  alkaline  character  of  peat. 

Organic  matter.    See  Matter,  cellular  and  organic. 

nitropfen.     See  Nitrogen,  organic. 
Outdoor  plants.     See  Plants,  outdoor. 
Oxid,  calcium.     See  Calcium  oxid. 

Oxyco<K'Us  oxvccH'cus,  root  fungus,  study 

Pacific,  humid  coast  sections,  occurrence  of  blueberry  and  related  planiB 

Parent  i)lant.     See  Plant,  parent. 

Patterson,  Mrs.  F.  W.,  identification  of  blueberry  mildew 

Peat,  acidity,  causes  and  characteristics 31-35,  € 

alkaline,  not  suited  for  growing  blueberry 

bacterial  content,  comparison  with  cow  manure 

boir.     See  Bog,  peat. 

favorite  type  of  acid  soil  for  blueberry. 3 

fibrous  drained,  aeration  conditions  satisfactory  for  blueberry 3 

fn'sh,  effect  on  field  growth  of  blueberry 

excessive  acidity fl 

kalmia,  des<Tiption,  process  of  formation 3 

determinations  of  nitrogen  and  nitrates 4 

extraction  of  humus 

moisture  conditions 8 

nitrification  not  taking  place 4 

roots,  acidity  test 6 
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Ptet,  nixture,  experiments  with  roaee,  alfalfa,  aud  blueberriee ld-17 

for  potting  plants 26,52,54,59-62 

of  the  hog  type,  suitability  for  blueberry  culture 31-32 

pure,  lar]geBt  plants  grown  by  use 09 

foitaJble  for  blueberry,  sources 312-35 

upland,  definition 34 

used  in  pot  cultures,  discussion 52, 54, 56, 40-62 

water.    See  Water,  peat. 
Ptety  soils.    See  Soil,  peaty. 
Fscttliarities  of  blueberry.    See  Blueberry,  peculiarities. 

Peeling,  bark  of  blueberry ^ 

PeoidlUum  glaucum,  nitro^n  fixation 49 

Pennsylvania,  blueberries  in  Boston  market 12 

Phesoiphthal^n,  use  in  testing  soil  acidity 22^  26-27 

Pbona,  occurrence  on  roots  of  plants  related  to  the  blueberry 49-50 

FhjBConitrium  immersum,  occurrence  on  alkaline  leaf  mold 30 

Phyiiological  dryness.    See  Dryness,  phyookgioal. 

Pkrkii^,  Biethoas  in  use  with  blueberry 13-14 

Pine  branches.    See  Branches,  pine. 

sandy  woods,  presence  of  peat  suitable  to  blueberry 32, 34-35 

Pitcher  plants.    See  Plants,  pitcher. 

Kth  of  bluebeny  twigs  gorgeid  with  starch 76 

PIha,  Atlantic  Coastal,  occurrence  of  blaeberries  and  related  plants 30, 37 

FIsBl,  parent,  of  cultivated  seedlings 80-82 

PItBta,  bog,  nitrogen  assimilation,  methods 50 

occurrence  on  sandv  uplands,  causes 35 

preservation  from  decay,  causes 31-32 

dormant,  erratic  starting  when  wintered  indoors 75-76 

use  in  field  pumtiiisB 88 

heath,  repotting  directions 70 

outdoor,  compared  with  indoor  plants 74-75 

pitcher,  insect  food  for  supply  oc  nitrogen 50 

Plumpness,  importance  as  market  feature 12 

Flvigmg,  use  of  method 15,65-67,67-^,68-70 

Fsisonous  chefacter  of  acid  soils.     See  Soil,  acid. 

PoHmation,  blueberry .^ 76-78,82 

Pblycodium  stamineum,  reproduction  by  rootstock  cuttings 86 

fiai  culture.    See  Culture,  pot. 

PbtB,  glass,  use  in  blueberry  experiments 14, 15 

plunging,  advantages 15, 65-67, 67-68, 68-70 

Ifaumb,  use  for  seealini^,  comparison  with  flats 60 

PoUiDg,  method  with  seedlings  of  ^ve  months 59-62 

fnct  of  blueberries 12, 81 

V^opegation,  blueberry,  discussion  ol  methods 83-86 

Pnming  blueberry,  relation  to  method  of  laying  down  buds 71-72 

Pupling  of  blueberry  leaves,  occurrence,  causes,  etc 17, 25, 28, 29, 56-57, 60^1, 87 

isfce,  use  for  picking  blueberry 13 

Mays,  medullary,  gorged  with  starch  in  blueberry  twigs 76 

Bed  spido*.    See  Spider,  red. 

Aootting,  in  spring 67-68, 70 

See  aUo  Transplanting. 
Kerting  spores.    See  Spores,  resting. 

Khode  IsLmd,  experiments  in  bluebeory  culture 11 

I   Bipeninff,  fruit,  description 79 

Boot  gnSting.    See  Grafting. 
mwth.    See  Growth,  root. 
niin.    See  Hairs,  root. 

Boitlets,  blueberry  and  other  plants,  description 40-42 

Bosii,  bloeberrv,  growth  under  various  conditions 15, 17-21, 

23,  24, 28, 36, 41, 57, 68, 76 

in  peat,  acidity  determination 61-62 

inhabited  by  a  mycorrhixal  fungus 42,  ^ 

use  of  cuttings  in  propagation S5 

Benstocks^  blueberry,  propagation  <x  bluebenry  end  xeUted  jplsaits 86 
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Roee,  culture  in  garden  soil  and  in  peat 14, 15-16, 29 

Rosemary,  marsh,  root  fungus,  study 49 

Rotting  of  peat  in  blueberry  culture 34, 52, 56, 60-61, 87-88 

Sand,  use  in  field  plantings 88 

potcultures 25, 28, 52, 54, 60-61,66 

Sandstone,  broken  pieces,  use  in  soil  for  repotting  heath  plants 69-70 

Sandy  soil.    See  Soil,  sandy. 

woods.    See  Woods,  sandy. 

Sarracenia,  insect  food  for  supply  of  nitrogen 50 

Saturation,  soil,  effect  on  blueberry  growtn 35-36 

Schott,  Arthur,  on  shrubs  in  Smimsonian  grounds 11 

Scirpus  occidentalis,  forming  an  alkaline  peat 32 

Seed  flats.    See  Flats,  use  for  seedlings. 

Seedlings,  blueberry,  transplanting  details 15, 54-57, 59-60, 67, 88 

Seeds,  blueberry,  description  and  care 13, 61-54 

germination 14, 51, 53 

Selection,  use  in  improvement  of  blueberries 80, 82 

Shade,  effect  on  growth  of  plants 55, 56, 67-68, 70-71, 88 

Shippmg,  adaptation  of  the  blueberry 13 

Shoots,  basal,  development 57, 58 

Smithsonian  Institution,  blueberry  bushes  in  grounds 11 

Soil,  acid,  poisonous  character 46, 50 

preference  of  blueberry  and  related  plants 16, 17, 19, 26, 28-30, 31-32 

acidity  tests 22,26-28 

alkaline,  deleterious  to  blueberry  pkmts 26-31 

phenolphthalein  test,  discussion  and  directions 26-28 

bacteria.    See  Bacteria. 

blueberry,  deleterious  to  roses  and  alfalfa 16-17 

calcareous,  absence  of  blueberries  and  related  plants 19 

clay,  effect  on  growth  of  blueberry 24 

freshly  chopped,  deleterious  to  growth  of  blueberries 87 

f,rden,  not  suited  to  blueberry  cultivation 11, 14-17 
entucky  limestone,  absence  of  blueberry  and  related  plants 19 

limed,  unfavorable  to  the  blueberry 19-23 

mixtures  used  in  pot  cultures 25, 52, 54, 59-62 

moisture  measurement 37-38 

muck,  loss  of  acidity  by  drainage 35 

neutral,  deleterious  to  blueberry  plants 26-31 

noncalcareous,  occurrence  of  blueberry  and  related  plants 19, 30 

peaty,  acid,  deficiency  in  available  nitrogen 45-46 

requirements  of  the  blueberry 11, 14-40 

ricn,  absence  of  blueberry  and  related  plants 14-17, 17-19, 30 

sandy,  aeration  conditions  satisfactory  for  blueberry ; 36-37 

water-saturated,  deleterious  to  blueberry  growth 36-36 

See  also  Loam. 

Solution,  acid  and  alkaline,  effect  on  growth  of  blueberry,  experiments 28-29 

acidity  determination 26-28 

normal,  definition 27 

nutrient,  acid  and  alkaline,  effect  on  growth  of  blueberry 28-29 

Sowing,  seed  of  blueberry,  directions 51-52 

Sphagnum  moss.    See  Moss,  sphagnum. 

Spider,  red,  occurrence  and  control 55, 79-80 

Spores,  injurious,  found  in  roots  of  feeble  blueberry  plants 64-65 

resting,  Asterocystis  radicis 65 

Spring  beauty,  soil  not  good  for  blueberry 24 

Stagnation,  leaf  rudiment 28, 29,55-56,60 

Stamens  oi  the  blueberry 76-78 

Starch  in  blueberry  twigs,  transformation,  etc 75, 76 

Starvation,  danger  to  blueberry  from  lack  of  nitrates  in  soil 45-46, 50 

Stations,  agricultural  experiment,  attempts  at  blueberry  culture 11 

Stem  growth.    See  Growth,  stem. 

withering  at  tip,  cause  and  prevention 28, 55-56, 60, 70, 71 

Stigma  of  the  blueberry 77-78 

Stone,  broken,  use  in  soil  for  reporting  heath  plants 69-70 

Subalpine  blueberry.    See  Blueberry,  subalpine. 
Sugar-maple  woods.    See  Woods,  sugar-maple. 
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SuDdews,  insect  food  for  supply  of  nitrogeu 50 

Svunp  blueberry.    See  Blueberry,  swamp. 
Swarm  spores.    See  Spores,  injurious. 

TusDnemus,  mite  infesting  the  blueberry 80 

Temperature  during  pot-culture  experiments 53,  &5, 57«  74-76 

TennesBee,  absence  of  blueberry  and  related  plants  in  limestone  soils 19 

Temiination  of  stem  growth 58-59 

Ternetz,  Charlotte,  on  mycorrhizal  fungi 44, 49-50 

Tetianychus  bimaculatus.    See  Spider,  red. 

Tlieory  of  nutrition,  blueberry 50 

ThumD  pots.    See  Pots,  thumb. 

TiaDspiiation,  bog  plants,  retarded  as  protection  against  poison  in  soil 50 

Tnnsplanting,  possibility,  erroneous  popular  idea 11 

seedlings,  details 15, 54-57, 59-60, 67, 88 

Tiescott,  T-  C. ,  determinations  of  nitrogen  in  kalmia  peat 45 

Trillium,  soil  not  good  for  blueberry 24, 34 

Tubercles,  nitrogen,  development  on  alfalfa  roots 16-17 

Tale,  forming  an  alkaline  peat 32 

Twig  growth.    See  Growth,  twig. 

Twigs,  blueberry  plant,  growth  stoppage  in  early  summer 70 

winter,  starch  content  large 76 

Upland  peat.    See  Peat,  upland. 

Uplands,  sandy,  occurrence  of  bog  plants,  causes 35 

Utricttlaria,  insect  food  for  supply  of  nitrogen 50 

VKcinium  amoenum,  relation  to  V.  corymbosum 82 

atrococcum  forcing  for  flowering  buds,  experiment 72 

germination  of  seeds 53 

m  Smithsonian  erounds 11 

laying  down  of  flowering  buds 73 

relation  to  V.  corymbosum 82 

September  too  late  for  budding 84 

stoppage  of  twiggrowth 70 

canadense,  sourness  of  berry 81 

corymbosum,  experiments  made  principally  with  this  species 14 

parent  plant,  descnption 80-82 

related  to  V.  atrococcum 11 

variability 81, 82 

fuscatum,  identification  of  plant 11 

membranaceum,  produced  largest  berry 14 

pallidum,  germination  of  seeds 53 

laying  down  of  flowering  buds 73 

relation  to  V.  corymbosum 82 

use  in  budding 83 

penn^yl  vanicum,  fancy  price  for  early  benies 81 

relation  to  possible  blueberry  hybrid 82 

reproduction  by  root-stock  cuttings 86 

sweetness  of  berry 81 

vacillans,  mildew  abundant  on 79 

vitisidaea,  root  fungus,  study 49 

Variation,  swamp  blueberry  seedlings 82 

Varieties,  blueberry,  valuaole,  prospects 82 

Ventilation,  control,  for  blueberries , . .  52, 55 

^Wnkinco,  cranberry  bog  near  Wareham,  Maio.,  growth  of  blueberry 36 

Wareham,  Mass.,  growth  of  blueberries  in  cranberry  bog 3(i 

Water,  bog,  brown  color  due  to  acid  humus 47 

content.    See  Moss,  sphagnum,  and  Soil,  moisture  moasuroinont. 

culture.    See  Culture,  water. 

level.    See  Bog,  blueberry,  water  level. 

peat,  acidity 2^ 

satisfactory  nutritive  material  in  sand  culturos 37 

source  of  nourishment  to  bog  blueberries 40 

saturation  of  soil  injurious  to  growth  of  blueberry 3.!>-36 

Watering,  excessive,  injurious  to  potted  blueberries 36 

infrequent  for  plunged  pots iid 
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pm« 

Watering  of  blueberries  in  pots 51 

seed  bed 5! 

Wheat,  description  of  root  hairs 4<M 

Winter,  effect  on  young  plants 74-7* 

Withering,  stem  tips,  cause  and  prevention S&-^ 

occurrence 28,  €0,70, 7 

Woods,  sandy,  oak  or  pine,  source  of  peat  suitable  for  blueberry 32-3 

sugar-maple,  rotting  of  leaves 3 

Worms,  thousand-legged ,  hastening  decomposition  of  leaves 3 

See  also  Earth wormp. 
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LETTER  OF  TRANSMHTAL 


U.  S.  Department  op  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  C,  July  25, 1910. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
'•Summer  Apples  in  the  Middle  Atlantic  States'^  and  to  recommend 
that  it  be  published  as  Bulletin  No.  194  of  the  series  of  this  Bureau. 
This  bulletin  was  prepared  by  Mr.  H.  P.  Gould,  Pomologist  in 
Ghai^  of  Fruit  District  Investigations,  and  is  coordinate  in  char- 
acter with  Bulletin  No.  135  of  the  Bureau  series,  entitled  ''Orchard 
Fruits  in  the  Piedmont  and  Blue  Ridge  Regions  of  Virginia  and  the 
South  Atlantic  States."  It  has  been  submitted  by  Mr.  A.  V.  Stuben- 
rauch,  Expert  Acting  in  Charge  of  Field  Investigations  in  Pomology, 
with  a  view  to  its  publication. 

The  information  contained  in  this  bulletin  results  from  a  sys- 
tematic investigation  which  is  now  in  progress  by  this  Bureau  in 
different  fruit-growing  regions  of  the  country.  The  object  of  this 
work  is  to  determine  as  far  as  possible  the  adaptability  of  fruit 
varieties  to  different  conditions  and  the  particular  climatic  and 
other  requirements  of  different  varieties. 

The  growing  importance  of  early-apple  culture  and  the  increasing 
demand  for  fruit  of  this  character  have  warranted  the  giving  of  spe- 
cial attention  to  this  phase  of  fruit  growing.  In  certain  sections  of 
the  region  referred  to  in  this  bulletin  early-apple  culture  is  of  great 
importance  not  only  because  of  its  present  degree  of  profitableness, 
but  because  of  the  fact  that  it  has  developed  largely  in  the  place  of 
a  declining  peach  industry. 

While  the  varietal  data  and  other  information  are  based  on  the 
conditions  which  exist  in  this  region  and  hence  are  not  directly 
applicable  elsewhere,  it  is  expected  that  fruit  growers  in  other 
legions  who  may  be  interested  in  the  growing  of  summer  apples  will 
find  the  discussions  of  value  to  them. 

The  writer  wishes  to  acknowledge  his  indebtedness  to  the  many 
faxiit  growers  in  this  region  who  have  without  reserve  given  him  the 
freedom  of  their  orchards  and  the  benefits  of  their  experience  in  the 
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course  of  the  field  work  connected  with  these  investigations.  Thfl 
assistance  of  his  office  associates  in  the  identification  of  varieties 
and  in  other  ways  has  also  aided  the  writer  very  materially  in  th6 
preparation  of  this  bulletin. 

Respectfully,  Wm.  A.  Taylor, 

Acting  Chief  of  Bvreau, 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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6.  A  Summer  Hagloe  apple  tree  in  New  Jersey,  48  years  old 44 

7.  A  Williams  apple  tree  in  Delaware,  about  10  years  old 47 
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SUMMER  APPLES  IN  THE  MIDDLE  ATLANTIC 

STATES. 


INTBODTrcnON. 

The  extensive  and  systematic  growing  of  early-ripening  or  *' sum- 
mer" Tarieties  of  apples  for  commercial  purposes  is  one  of  the  com- 
paratively recent  developments  of  the  fruit  industry.  Such  varieties 
have  always  had  a  place  in  the  family  orchard,  and  in  seasons  of 
abundant  crops  the  fruit  from  these  trees  has  often  been  sold  in  the 
local  markets.  Occasional  commercial  orchards,  since  the  early  days 
of  the  fruit  industry,  have  contained  a  few  trees  of  early  varieties, 
the  fruit  of  which  has  been  shipped  by  express  or  otherwise  to  more 
or  less  distant  markets,  but  in  most  commercial  apple-growing  sec- 
tions early  varieties  have  not  been  considered  worth  including  in 
extensive  fruit-growing  projects.  In  some  sections,  however,  during 
the  past  ten  or  twenty  years,  and  especially  during  the  last  decade, 
the  attention  of  fruit  growers  has  been  directed  more  and  more  to 
the  possibilities  in  this  direction. 

A  considerable  demand  has  developed  for  summer  apples.  This 
demand  is  growing;  new  markets  are  being  reached.  During  the 
past  few  seasons  fruit  growers  and  shippers  have  received  an  increas- 
ing number  of  requests  from  commission  houses  and  fruit  dealers  for 
fruit  of  this  class.  Though  this  demand  may  in  a  measure  be  vari- 
ously influenced  from  year  to  year  by  the  abundance  of  peaches  and 
other  fruit  in  the  market  during  the  early-apple  season,  it  shows  an 
increasing  appreciation  of  the  important  place  which  summer  apples 
may  be  made  to  fill. 

In  the  Middle  Atlantic  States,  and  especially  in  the  Coastal  Plain 
w* tidewater"  region,  there  are  several  sections  in  which  the  growing 
of  sununer  apples  has  already  become  an  important  feature  of  fruit 
growing.  This  phase  of  the  fruit  industry  has  been  greatly  extended 
here  in  recent  years  and  is  being  still  further  developed.  It  is  believed 
that  other  sections  of  these  States,  where  little  or  no  fruit  is  now 
grown,  are  also  capable  of  being  developed  along  this  line.  This  bul- 
fetin  describes  the  region  mentioned — its  conditions,  advantages,  and 
ponibilities  in  relation  to  the  production  of  early  apples — and  contains 
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a  discussion  of  the  principal  varieties  now  grown  there^  with  a  view 
to  indicating  their  relative  value  in  the  further  development  of  the 
early-apple  industry  in  this  region. 

DESCBIPTION  OF  THE  COASTAL  PLAIN  BEGIOK. 

On  account  of  the  relative  importance  of  the  early-apple  industry 
in  the  Coastal  Plain  region,  in  comparison  with  other  sections  in  the 
Middle  Atlantic  States,  it  is  a  matter  of  convenience  to  adopt  this 
region  as  a  geographical  unit  of  territory  in  this  bulletin  and  to  base 
comparisons  and  discussions  on  the  observations  made  there.  Its 
location  and  extent  are  indicated  below. 

OEOGRAPHIGAL  LOCATION. 

In  a  general  way,  the  division  line  in  the  Middle  Atlantic  States 
between  the  region  commonly  termed  the  Coastal  Plain  and  the 
adjacent  territory  is  indicated  on  the  map  shown  as  figure  1  by  a  con- 
spicuous unbroken  line.  This  line  may  be  said  to  start  in  New  Jersey 
at  the  mouth  of  the  Raritan  River  where  it  empties  into  the  bay  of 
that  name,  extending  in  a  southwesterly  direction  to  Trenton.  The 
Delaware  River  forms  the  division  between  New  Jersey  and  Pennsyl- 
vania south  of  Trenton.  The  dividing  line  then  continues  in  a  south- 
westerly direction  across  northern  Delaware  and  the  eastern  shore 
of  Maryland,  passing  in  the  vicinity  of  Chestertown.  Crossing  the 
Chesapeake  Bay,  it  reaches  Anne  Arundel  County  a  {ew  miles  north 
of  Annapolis  and  continues  in  the  same  direction  to  the  District  of 
Columbia.  In  Virginia  the  direction  of  this  boundary  is  slightly 
southwest  from  Alexandria  to  the  vicinity  of  Fredericksburg  and 
includes  a  narrow  strip  of  land  along  the  Potomac  River  between 
these  two  cities.  From  the  latter  a  southerly  direction  is  followed, 
passing  near  Richmond  and  Emporia.  ^  A  southwesterly  direction  is 
followed  in  crossing  North  Carolina,  passing  near  Raleigh  and  reach- 
ing the  South  Carolina  line  at  a  point  nearly  south  of  Rockingham, 
the  county  seat  of  Richmond  County,  N.  C.  In  the  same  arbitrary 
way  the  state  line  between  North  and  South  Carolina  is  taken  as 
the  southern  limit  of  the  region  under  discussion. 

From  a  purely  geographical  standpoint  the  corresponding  area  of 
South  Carolina  and  Georgia  should  be  included  in  this  unit  of  terri- 
tory, but  as  practically  no  apples  are  grown  in  these  sections  they  are 
not  specifically  included  in  the  present  discussion.  And  further,  it 
is  generally  conceded  that  these  sections  are  not  well  adapted  to 
apple  culture  on  account  of  the  climatic  conditions  which  result  from 
their  low  elevation  and  low  latitude. 

It  is  believed,  however,  that  the  development  of  the  early-apple 
industry  is  practicable  in  that  part  of  the  area  of  the  Middle  Atlantic 
States  which  lies  between  the  Coastal  Plain  and  the  500-fo6t  contour 

194 


DESCRIPTION  OF  THE  COASTAL  PLAIN  REGION. 


9 


(this  being  largely  an  arbitrary  boundary  line).  The  approximate 
position  of  this  contour  is  indicated  on  the  map  (fig.  1)  by  a  broken 
line.    The  conditions  of  this  section  are  such  that  the  discussions 


ffe.  L— Hap  oC  the  Middle  and  Southern  Atlantic  States,  showing  the  location  and  extent  of  the  regions 
^■BWed  fai  this  boUethi.    The  Coastal  Plain  is  showm  on  the  map  by  continuous  lines,  the  inland 
^^Bdary  being  to  some  extent  arbitrary.    The  region  between  the  Coastal  Plain  and  the  approximate 
o(  the  5004oot  contour  Is  shown  by  broken  lines. 


r^ch  follow,  though  based  on  the  Coastal  Plain,  would  doubtless  be 
applicable,  with  only  minor  modifications,  to  this  area. 
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TOPOGRAPHY  AND  ELEVATION. 

The  topography  of  the  Coastal  Plain  is  unmarked  by  any  special 
characteristics.  The  surface  is  generally  level,  rising  slightly  and 
gradually  from  the  coast  westward.  A  large  number  of  rivers  and 
smaller  streams  and  their  tributaries  traverse  the  region  in  their 
course  to  the  sea.  They  constitute  an  important  factor  in  the  soil 
drainage. 

The  elevation  above  sea  level  is  comparatively  slight,  a  lai^e  pro- 
portion of  the  region  being  less  than  100  feet.  Most  of  the  remaining 
portions  have  considerably  less  than  200  feet  elevation. 

While  the  relative  and  actual  elevations  are  practically  identical 
and  only  a  few  feet,  comparatively,  above  sea  level,  the  character  of 
the  soil  and  subsoil  and  the  natural  water  drainage  provided  by  the 
streams  which  flow  through  this  region  insure  as  a  rule  good  soil 
drainage.  The  atmospheric  drainage  is  not  so  perfect  as  it  is  in 
regions  where  there  is  an  alternation  of  ridges  and  vallej's  with  con- 
siderable differences  in  relative  elevations. 

SOIL. 

While  several  types  of  soil  are  represented  in  the  Coastal  Plain,  the 
extreme  characteristics  of  the  different  types  which  need  to  be  con- 
sidered in  the  present  connection  are  not  wide  in  so  far  as  they  have 
a  bearing  on  commercial  orcharding.  In  fact,  it  is  evident  that  the 
influence  of  different  methods  of  management  in  orchards  located  on 
the  same  type  of  soil  could  be  made  to  exert  decidedly  more  influence 
upon  the  behavior  of  varieties  than  would  any  inherent  differences 
in  the  types  themselves. 

A  large  proportion  of  the  soil  is  a  light  sand  to  sandy  loam.  The 
subsoil  underlying  much  of  this  is  of  the  same  general  character  bs 
the  surface.  In  places,  the  subsoil  is  slightly  heavier,  havitig  a  small 
content  of  clay. 

Small  areas  exist  where  there  is  sufficient  clay  in  the  surface  to 
make  a  light  clay  loam,  but  it  is  very  easily  pulverized  when  culti- 
vated. The  subsoil  of  this  is  also  heavier  than  that  underlying  the 
lighter  types,  but  it  is  not  compact.  Small  sections  having  this  type 
of  soil  contain  more  or  less  gravel,  from  a  quarter  of  an  inch  to  aa 
inch  in  diameter.  This  soil  is  somewhat  ''stronger"  than  the  more 
sandy  types. 

Several  other  types  might  be  distinguished  by  drawing  very  fine 
distinctions,  but  it  is  sufficient  for  the  present  purpose  to  consider 
them  as  variations  of  those  already  mentioned.  Generally  speaking, 
the  soil  is  free  from  rocks  and  is  easilv  worked. 

The  characteristics  of  the  subsoil  which  have  been  described  are 
known  to  extend  to  a  great  depth  in  many  instances,  as  shown  by 
wells  and  other  excavations. 
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While  these  soUs  may  not  contain  as  large  a  supply  of  reserve  plant 
food  as  some  other  types  they  are  generally  productive.  Their 
physical  properties  are  such  as  to  favor  deep  penetration  hy  the  roots 
of  growing  plants,  thus  giving  the  plants  a  relatively  lai^e  feeding 
area.  The  soil  also  responds  readily  to  the  application  of  com- 
mercial plant  foods.  It  may  be  said  in  comparison  with  the  average 
growth  made  by  trees  in  other  apple-growing  sections  that  in  the  more 
important  sections  of  *this  region  they  develop  a  good  amount  of  wood 
growth  and  are  relatively  long  lived. 

The  capillarity  of  the  soil  is  strong,  and  the  character  of  the  sub- 
soil makes  it  a  deep  reservoir  for  the  storing  of  moisture.  While 
this  may  pass  off  readily  through  surface  evaporation  under  some 
conditions,  it  can  be  largely  conserved  by  thorough  cultivation.  It 
is  seldom  that  crops  suffer  more  from  lack  of  moisture  here,  under 
proper  management,  than  in  other  sections  having  a  similar  amount 
of  precipitation  but  more  compact  types  of  soil. 


CLIMATE. 


The  climate  of  a  place  affects  the  plant  life  growing  therein  in  many 
ways.  In  some  one  or  more  of  its  elements  it  is  the  most  potent 
determinant  of  plant  growth.  CUmate  is  an  exceedingly  complex 
influence,  and  the  numerous  combinations  of  the  factors  which  con- 
stitute it  render  its  effect  upon  plant  life  difficult  in  the  extreme  to 
interpret. 

Each  of  these  factors,  as  it  is  manifested  in  the  climate  of  a  place, 
acts  in  a  particular  way  upon  the  varieties  of  apples,  as  of  other 
forms  of  plant  life,  which  may  be  grown  there.  The  manner  in  which 
a  variety  responds  to  the  influence  of  these  factors,  singly  or  in  com- 
bination with  one  another,  determines  w^hat  the  effect  of  the  climate 
is  upon  that  variety,  and  therefore  its  relative  adaptability  to  partic- 
ular purposes  in  that  region  so  far  as  the  climatic  factor  is  concerned. 

In  its  influence  upon  vegetation  of  all  kinds,  climate  may  be 
resolved  into  a  number  of  elements  of  which  the  following  are  the 
most  important  :** 

(1)  Precipitation  (rain  and  snow). 

(2)  Temperature  (from  day  to  day,  and  the  mean). 

(3)  Extremes  of  heat  and  cold. 

(4)  Time  and  frequency  of  frost. 

(5)  Amount  and  intensity  of  sunshine. 

(6)  Humidity  and  transparency  of  the  atmonphero. 
(7;  Direction  and  velocity  of  wind. 

(8)  Perhape  the  electrification  of  the  atmosphere. 

It  will  thus  be  seen  that  climate  is  more  than  a  matter  of  tempera- 
ture and  moisture,  as  popularly  applied,  though  these  factors  are 

o  See  Encyclopedia  Americana,  under  "Climate.'' 
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doubtleas  the  most  potent  of  any  in  their  effects  upon  plant  growth 
It  is  not  intended,  however,  within  the  limits  of  this  paper  to  discuss 
at  length  what  these  effects  are,  even  if  it  were  possible  to  do  so. 
There  is  an  unfortunate  lack  of  adequate  means  for  measuring  somi 
of  these  elements,  which  doubtless  are  of  great  importance,  and  oi 
interpreting  them  in  terms  of  their  influence  upon  plant  life.  Recordi 
of  precipitation  and  temperature  are  abundant,  but  they  seldon 
represent  actual  orchard  conditions,  being  taken  usually  at  pointc 
more  or  less  distant  from  fruit  plantations  and  often  with  instrumentf 
attached  to  buildings  many  feet  above  the  surface  of  the  ground. 
This  is  true,  at  least,  of  many  of  the  records  which  are  continuous 
for  any  considerable  period  of  time. 

In  general  it  may  be  stated  that  in  order  for  a  plant  or  a  variety  to 
succeed  without  irrigation  there  must  be  sufficient  precipitation  tc 
maintain  growth  adequate  to  the  end  for  which  the  plant  is  intended 
As  regards  temperature,  the  extremes  must  be  within  certain  more  oi 
less  definite  limits,  and  the  mean,  especially  for  the  more  critical 
periods  in  the  life  of  the  plant,  must  accord  with  the  particiilai 
requirements  of  each  individual.  The  mere  matter  of  late  spring 
frosts — an  unfavorable  extreme  at  a  critical  period — ^may  indicate  the 
impossibility  of  successfully  growing  certain  fruits  in  some  localities, 

As  applied  to  the  region  now  being  considered,  it  is  sufficient  to  state 
that  with  certain  general  exceptions,  noted  elsewhere,  the  climatic 
conditions  are  favorable  for  the  cultivation  of  early  apples  in  most 
sections  of  the  region.  The  orchards  now  in  bearing  testify  to  this 
fact.  The  extremes  of  temperature  in  most  parts  of  the  region  are 
not  severe,  the  precipitation  is  usually  sufficient  to  meet  the  require- 
ments, and  the  other  climatic  factors  in  most  sections  are  equally 
favorable  to  the  end  in  view. 

The  following  tables,  taken  from  the  Monthly  Weather  Review  for 
the  years  1902  to  1907,  inclusive,  are  composed  of  climatological 
records  at  three  different  stations  located  respectively  in  the  southern, 
central,  and  northern  sections  of  this  region.  They  represent  to  some 
extent  the  climatic  conditions  which  prevailed  during  the  years  men- 
tioned  and  furnish  one  of  the  best  available  means  for  comparing  the 
climate  of  this  region  with  that  of  other  sections  where  similar  data 
are  to  be  had.  Such  a  comparison  should  assist  in  correctly  fore- 
casting for  other  sections  the  behavior  of  the  varieties  considered,  so 
far  as  the  climatic  factors  are  concerned.  These  climatological  data 
are  also  inserted  for  use  in  connection  with  the  phenological  records 
that  appear  on  later  pages. 

As  wUl  be  noted,  the  following  table  gives  the  monthly  maximiuBi 
mmimiiTTij  and  mean  temperatures  and  the  precipitation.  The 
geographical  arrangement  of  the  stations  as  they  appear  in  the  tablea 
is  from  south  to  north. 
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Table  I. — Records  of  temperature  and  predpitaiumfor  KinsUm^  N.  C,  Sea/ordy  Del., 
and  Moorestovmy  N.  J.yfar  tke  years  1902  to  1907,  inclusive. 


Place  and  month. 


Kinston,  N.  C,  elevation,  46  feet. 
(tFnilcd  States  Geological  Survey): 

Juraary 

Pebruuv 

Mtfch 

fc::;::;:::;:;;:;;:::::;::; 

Jane 

July 

Ausnst 

September 

October 

Novembcf 


, 67 

F^iniary 1  75 

Uarch I  79 

April 88 

May I  93 

June I  99 

July 101 

Aogost !  98 

September 90 

October '  86 

November 72 


Jaonary... 
F^vnary.. 

Mwdi 

ApriL 

May 

Xnne 

July 

Angmt.... 
Septcnibcr 
October... 
November. 


79 
74 
80 
94 
98 
100 
100 
96 
96 
87 
85 
77 


Temperature. 

Maxi- 

Mini- 

Mean. 

mum. 

mum. 

•F. 

•-P. 

•F. 

73 

15 

41.3 

76 

19 

38.4 

83 

22 

54.9 

80 

30 

61.2 

97 

44 

72.8 

100 

50 

77.5 

104 

60 

82.6 

99 

52 

78.6 

91 

46 

72.6 

84 

31 

62.9 

81 

31 

57.2 

71 

16 

45.5 

« 

Inches. 
1.01 
6.70 
3.04 
2.34 
2.64 
3.92 
2.69 
8.91 
2.76 
5.13 
4.14 
1.82 


45.10 


1904. 


10 
17 
27 
28 
43 
51 
62 
57 
44 
33 
24 
20 


35.6 
38.2 
51.8 
58.6 
68.8 
77.6 
80.4 
78.2 
71.6 
59.7 
48.6 
41.0 


4.12 
4.10 
5.04 
.82 
3.78 
1.29 
5.00 
3.58 
4.75 
1.73 
2.30 
2.82 


39.33 


1906. 


21 

48.0 

17 

44.1 

22 

50.4 

30 

63.8 

37 

70.0 

61 

78.8 

64 

79.2 

67 

81.5 

57 

78.0 

28 

64.4 

22 

52.3 

17 

46.7 

3.68 
4.63 
7.53 

.52 

3.41 

4.37 

9.16 

13.08 

.59 
4.13 

.84 
1.34 


1903. 


Temperature. 

Maxi- 

Mini- 

Mean. 

mum. 

mum. 

•F. 

•Jf. 

•F. 

71 

18 

46. 0 

74 

16 

48.4 

81 

34 

60.0 

86 

30 

56.7 

95 

45 

67.6 

90 

51 
60 

97 

79.4 

97 

62 

79.6 

88 

41 

71.5 

86 

27 

57.4 

71 

14 

CI 

15 

36.2 

Precipi- 
tation. 


76 
65 
88 
90 
92 
96 
98 
99 
96 
92 
80 
70 


53.28 


1906. 


11 

40.2 

15 

38.1 

25 

56.6 

29 

61.2 

49 

73.0 

49 

77.2 

62 

79.4 

53 

77.2 

45 

74.2 

33 

62.4 

23 

52.1 

20 

45.2 

1907. 


Inches. 
2.96 
5.91 
8.05 
£•  99 
3.91 


8.07 
6.93 

.89 
3.28 

.60 
1.99 


045.58 


0.85 
5.06 
2.52 
4.06 
5.57 
3.90 
4.38 
4.22 
1.70 
3.12 
1.58 
4.75 


41.71 


80 

17 

51.4 

1.13 

72 

9 

42.6 

2.39 

98 

25 

59.2 

2.39 

83 

28 

54.6 

4.06 

95 

40 

68,7 

5.56 

98 

49 

73.4 

9.07 

102 

58 

81.3 

9.11 

96 

58 

78.6 

5.02 

97 

51 

77.0 

3.83 

93 

29 

59.0 

.89 

79 

25 

51.2 

3.19 

79 

19 

46.0 

3.08 





49.71 
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Table  I. — Records  of  temperature  and  precipitation  for  Kinstan,  N,  C,  Seqford,  Dffi 
and  Moorestown,  N.  J.yfar  the  years  1902  to  1907 ,  inchaive — Continued.  ' 


Place  and  mouth. 


Beaford,    Del.,    elevation,    40    feet. 
(Estimated): 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


1902. 


January... 
February. , 

March 

April 

May 

June 

July 

August 

September 
October. . . 
November, 
December. 


62 
59 
68 
77 
82 
94 
94 
88 
90 
83 
66 
60 


Temperature. 

Maxi- 

Mini- 

M^in 

mum. 

mum. 

•F. 

•F. 

^F. 

52 

12 

32.0 

62 

8 

30.0 

75 

20 

47.1 

87 

31 

53.5 

88 

40 

64.6 

96 

60 

72.8 

100 

57 

78,1 

93 

52 

73.8 

89 

45 

68.6 

79 

31 

60.2 

74 

30 

53.2 

63 

17 

37.0 

Precipi- 
tation. 


1904. 


2 

29.2 

3 

28.5 

19 

41.2 

26 

48.4 

41 

02.2 

44 

60.5 

54 

73.6 

49 

71.4 

35 

66.6 

29 

52.6 

21 

42.4 

2 

30.4 

Incket. 
3.73 
5.01 
2.98 
3.79 
2.29 
6.86 
5.65 
1.60 
5.91 
4.23 
3.16 
4.79 


49.99 


1.73 
2.32 
3.39 
1.95 
1.52 
2.02 
7.74 
1.32 
2.08 
2.73 
2.01 
6.07 


34.88 


1903. 


Temperature. 


Maxi- 
mum. 


'F. 

56 
60 
76 
86 
91 
88 
100 
96 
89 
83 
79 
54 


60 
50 
77 
81 
82 
89 
95 
89 
82 
80 
72 
62 


Mini- 
mum. 


Mean. 


'F. 
12 
6 
25 
28 
37 
50 
52 
56 
37 
32 
17 
11 


•F. 
34.3 

3&4 
51.1 
52.6 
64.6 
66.6 
78.0 
73.4 
67.5 
57.5 
42.6 
31.8 


Predji 
tatioC 


1905. 


-  4 

■  2 

19 
27 
40 
45 
57 
S3 
40 
31 
16 
17 


29.8 
26.8 
44.8 
62.2 
63.4 
60.2 
74.4 
72.2 
66.7 
57.0 
44.6 
38.3 


Indusmy 
3. 

6.1 

5. 

3. 

2.1 

3.^ 

3.1 

4.; 

4. 
8.41 

1.71 


52.27 


4.48 
2.83 
2.20 
2.80 
5.50 
4.02 
6.73 
5.69 
&19 
1.45 
.66 
4.58 


48.22 


1906. 


1907. 


January.... 
February. . 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December., 
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73 

7 

40.7 

2.53 

71 

8 

37.8 

2.53 

60 

9 

34.8 

4.61 

54 

5 

29.4 

160 

61 

15 

38.4 

5.88 

88 

19 

46.6 

2.72 

84 

27 

53.0 

1.44 

79 

23 

47.1 

3.90 

92 

33 

63.0 

4.86 

84 

36 

68.0 

&97 

92 

55 

71.4 

12.30 

87 

46 

65.0 

4.50 

89 

57 

73.2 

11.56 

91 

55 

74.8 

3.82 

91 

64 

75.6 

7.86 

91 

52 

71.8 

2.46 

91 

51 

70.8 

2.28 

90 

40 

60. 1 

3.95 

76 

30 

57.0 

4.70 

76 

30 

51.7 

3.06 

68 

27 

45.4 

1.45 

64 

28 

45.4 

5.63 

62 

12 

37.5 

3.45 

62 

20 

39.3 

3.65 

1 

62.92 

1 

45.88 

1 
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Table  I. — Records  of  Umperature  and  precipitation  for  Kinston^  N.  C,  Sea/ord^  Del., 
and  Moorestovm,  N.  J.,  for  the  years  1902  to  1907 ^  incltutive — Continued. 


Plaoe  and  month. 


1902. 


Temperatare. 


Maxi- 
mum. 


MooRStown,  N.  J.,  elevation,  71  feet. 
(Weather  Boreau): 

January 

Fehruary. 

Maich 

April 

Mbj 

Jane 

Jnly : 

August 

September 

October 

Norember 


Janoary... 
February. 
Maidi..:.. 

April 

lUy 

Jane 

July 

Aogost.... 
September 
Oetobcr... 
Norember. 
December. 


Jaooary... 
February. 
Much..:.. 

fc::: 

June 

July 

August — 
September 
October... 
KoTonber 
December. 


53 
57 
75 
87 
87 
91 
92 
88 
87 
76 
76 
60 


56 
59 
68 
79 
92 
94 
92 
89 
88 
84 
63 
53 


72 
61 
58 
81 
90 
92 
90 
92 
80 
75 
68 
66 


Mini- 
mum. 


'F. 
11 
9 
19 
31 
38 
48 
55 
49 
43 
27 
27 
12 


Mean. 


•F. 

29.8 

28.0 

45.3 

51.4 

61.2 

68.3 

73.6 

70.6 

65.4 

56.7 

50.4 

32.9 


Predpl' 
tatlon. 


Inches. 
2.95 
6.45 
4.22 
3.63 
2.45 
7.30 
7.06 
8.44 
5.29 
7.59 
2.50 
7.34 


1904. 


-  9 
0 
15 
25 
40 
46 
52 
48 
32 
26 
18 
1 


24.0 
26.6 
38.4 
48.2 
63.6 
69.0 
72.4 
71.1 
65.8 
52.6 
40.9 
27.0 


1906. 


5 
4 
13 
26 
35 
48 
53 
62 
45 
29 
22 
8 


37.2 
32.2 
35.4 
52.4 
62.1 
71.5 
73.8 
75.2 
09.2 
55.1 
44.2 
34.2 


65.21 


3.02 
2.40 
3.83 
2.61 
3.23 
3.07 
5.60 
7.08 
5.84 
4.00 
2.04 
2.93 


45.74 


2.85 
2.06 
5.37 
2.71 
2.66 
7.33 
4.11 
9.43 
o.  99 
4.20 
1.70 
3.34 

49.75 


1903. 


54 
45 
81 
80 
84 
91 
96 
90 
84 
87 
67 
61 


67 
48 
86 
79 
85 
91 
90 
90 
88 
76 
62 
62 


Temperature. 

Maxi- 

Mini- 

Mean. 

mum. 

mum. 

•J^. 

•F. 

•F. 

53 

9 

31.8 

68 

0 

34.6 

76 

24 

48.8 

90 

28 

51.6 

93 

31 

64.2 

85 

45 

65.0 

94 

50 

73.4 

92 

49 

60.2 

88 

36 

66.8 

80 

31 

57.0 

73 

14 

41.4 

54 

9 

30.0 

Precipi- 
tation. 


Inchet. 
3.69 
4.71 
5.28 
5.33 
.44 
5.65 
5.44 
5.49 
4.42 
8.79 
1.18 
4.48 

54.90 


1906. 


0 

27.7 

-  1 

24.2 

9 

41.0 

26 

50.8 

34 

62.2 

45 

68.9 

55 

75.2 

50 

71.6 

37 

66.0 

29 

56.3 

15 

42.7 

15 

36.6 

1907. 


0 
0 
11 
23 
32 
41 
53 
51 
30 
26 
21 
17 


32.6 

24.1 

42.0 

46.0 

55.8 

64.8 

73.3 

60.8 

67.4 

50.8 

43.8 

37.2 

2.87 
2.79 
4.24 
3.12 
1.31 
2.93 
2.85 
5.66 
3.81 
3.84 
1.87 
3.59 


38.88 


2.93 
2.86 
2.66 
3.68 
5.34 
6.85 
4.45 
6.48 
6.74 
3.89 
5.49 
4.25 

55.62 
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The  following  data  regarding  the  occurrence  of  spring  frosts  a< 
various  points  in  this  region  are  of  particular  value  when  considered 
with  the  blossoming  dates  that  constitute  a  part  of  the  phenological 
data  given  on  later  pages.  These  data  have  been  furnished  by  the 
United  States  Weather  Bureau. 

Table  II. — Average  dates  of  the  latest  spring  frosts  at  different  localities  in  the  Middle 

Atlantic  States. 


Location. 


Central  and  Southern  New  Jersey: 

Aflbury  Park 

Moorestown 

Vineland 


Atlantic  City 

Chesapeake  peninsula: 

Cnestertown,  Md 

Easton,  Md 

Millsboro,  Del 

Princess  Anne,  Md 

MarylMid,  west  of  Chesapeake  Bay: 

Baltbnore 

Laurel 

College  Park 

Solomons 

District  of  Columbia: 

Washington 

Vir^tala: 
.     Warsaw 

Hampton 

Norfolk 


Average 

date  of 

latest 

frost. 


Apr. 
Apr, 
Apr. 
Apr. 

Apr. 
Apr. 
Apr. 
Apr. 

Apr. 
Apr. 
Apr. 
Apr. 


19 
23 
17 
11 

19 
12 
17 
23 

4 
21 
29 

8 


Date  of 

latest 

frost 

recorded. 


Apr.    7 


Apr. 
Mar. 
...do. 


14 
27 


May  29 
May  15 
May  22 
Apr.  26 

May  11 
Apr.  28 
Apr.  30 
May  12 

May  3 
May  11 
May  12 

Apr.  27 

May  U 

Apr.  28 
Apr.  6 
Apr.  26 


Namber 
of 


II 
41 

36 
20 

to 

11 
U 
10 

33 

10 
10 
11 

37 

11 
11 
31 


THE  STJMMEB-APPLE  INBUSTItY  OF  THIS  BEQION. 


DEVELOPMENT. 

In  the  sections  of  this  region  where  there  now  exist  large  sumnier- 
apple  interests,  there  were  formerly  very  extensive  peach  orchards. 
The  summer-apple  industry,  as  a  commercial  feature,  has  been  devel- 
oped largely  since  the  destruction  of  many  of  the  peach  orchards  by 
yellows.  In  fact,  apple  culture  has  to  some  extent  taken  the  place 
of  peach  growing,  many  apple  orchards  now  occupying  land  formerly 
devoted  to  peaches. 

Some  of  the  United  States  census  figures  relating  to  the  peach 
interests  of  Delaware  and  New  Jersey  are  of  interest  in  this  connec- 
tion. Unfortunately  these  figures  are  not  given  in  sufficient  detail 
prior  to  the  census  for  1890  to  admit  of  any  comparison,  but  those 
for  the  year  named  and  for  1900  stating  the  number  of  peach  trees 
of  bearing  age  in  the  States  mentioned  show  the  trend  during  that 

decade,  as  follows: 

1890.  1900. 

Delaware 4, 521, 623  2,441, 650 

New  Jersey 4, 413, 568  2, 746, 607 

Similar  data  for  Kent  County,  Del.,  are  also  suggestive,  since  very 
heavy  plantings  of  peaches  formerly  existed  in  this  coimty,  and  at 
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the  present  time  it  is  the  center  of  the  most  extensive  summer- 
apple  interests  of  any  section  in  this  region. 

Census  data  relating  to  apples  in  this  section  are  of  Uttle  signifi- 
cance, as  they  include  the  trees  of  bearing  age  of  all  seasons  of  ripen- 
ing, and  many  fall  and  winter  sorts  are  grown  as  well  as  summer 
varieties,  yet  the  recent  extension  of  apple  culture,  especially  in 
Kent  County,  Del.,  has  been  quite  largely  of  early  varieties.  Data 
regarding  the  number  of  peach  and  apple  trees  of  bearing  age  in  this 
county  are  therefore  of  interest  for  comparison  with  the  data  as  to 
peach  trees  just  presented,  as  follows: 

1890.  1900. 

Peach  trees 2, 335, 740       824, 430 

Apple  trees 114, 371        186, 457 

The  period  of  most  rapid  extension  of  the  early-apple  interests,  how- 
ever, has  been  during  the  past  eight  or  ten  years;  hence,  it  is  not 
shown  in  any  available  census  figures. 

PRESENT  STATUS  AND  EXTENT. 

A  general  statement  as  to  the  distribution  of  the  orchards  in  this 
legion,  giving  the  more  important  centers  of  early-apple  production, 
will  give  the  reader  some  conception  of  the  extent  and  importance  of 
this  phase  of  fruit  culture. 

In  New  Jersey,  the  principal  early-apple  interests  are  within  a 
radius  of  18  to  20  miles  of  Philadelphia.  Large  quantities  of  fruit 
are  grown  in  this  section,  nearly  all  of  which  is  hauled  in  wagons  to 
the  Philadelphia  markets.  A  common  type  of  wagon  used  for  this 
purpose  is  shown  in  Plate  II,  figure  1. 

There  are  numerous  other  orchards  in  central  and  southern  New 
Jersey  in  which  early  apples  are  an  important  factor,  but  they  are 
considerably  isolated  in  their  location  with  regard  to  one  another, 
and  the  fruit  from  them  is  handled  quite  differently  from  that  which 
is  grown  near  Philadelphia. 

In  Delaware  the  important  section  is  the  central  part  of  the  State, 
the  comjnercial  orchards  being  well  distributed  over  Kent  County 
within  a  distance  of  8  or  10  miles  of  the  railroad. 

In  the  other  sections  of  Delaware,  and  in  the  Maryland,  Virginia,  and 
North  Carolina  sections  of  this  region,  early  apples  are  grown  in  much 
the  same  way  that  they  are  in  southern  New  Jersey.  Family  orchards 
and  many  gardens  contain  such  varieties,  and  occasionally  isolated 
orchards  of  commercial  size  are  to  be  found,  but  the  industiy  is  not 
ceatralized  in  particular  sections,  though  in  the  aggregate  the  amount 
of  fruit  grown  is  considerable. 

In  the  sections  of  this  region  where  the  fruit  interests  have  already 
been  well  developed  a  good  system  of  orchard  management  is  gener- 
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ally  practiced.  However,  in  many  of  the  other  sections,  where  frui 
growing  at  present  is  only  a  secondary  matter,  the  orchards  are  genei 
ally  greatly  neglected.  Little  or  no  cultivation  is  given,  unless  h 
connection  with  the  growing  of  interplanted  crops;  usually  no  pruninj 
and  no  spraying.  Under  these  conditions  many  of  the  orchards  ar 
sorely  attacked  by  insects  and  fungous  diseases.  There  is  no  reason  U 
suppose,  however,  that  these  difficulties  may  not  be  readily  overcome 
by  the  application  of  the  usual  methods  in  such  cases. 

With  relation  to  the  last  statement,  however,  it  should  be  notec 
that  in  the  southern  section  of  this  region  certain  fungous  diseases  o: 
the  apple  appear  to  be  unusually  prevalent,  and  should  any  extensivi 
coxnmercial  development  of  apple  culture  be  considered,  this  featun 
should  have  full  consideration.  However,  while  the  climatic  condi 
tions  may  have  some  influence  in  the  extent  to  which  these  diseases 
have  appeared  in  the  past,  it  is  not  assumed  that  the  more  commoi 
diseases  which  are  now  noticeable  could  not  be  readily  controlled  bj 
the  use  of  certain  precautions  and  the  appUcation  of  proper  spraj 
mixtures.  In  fact,  a  few  orchards  in  this  section  which  have  been 
properly  attended  to  demonstrate  that  this  is  the  case,especiall]f 
when  varieties  adapted  to  the  region  are  planted. 

NATTTBAL   ADVANTAGES   AND   POSSIBILITIES   OF  THIS   RBOIOS 

FOB  SUMMEB-APPLE  PBODUGTION. 

The  extent  to  which  successful  summer-apple  culture  in  certain 
sections  of  New  Jersey  and  the  Chesapeake  peninsula  has  been  devel- 
oped is  good  evidence  of  the  natural  advantages  of  these  sections,  but 
some  of  the  other  sections  require  notice  in  this  connection. 

Earliness  of  maturity  is  an  important  consideration,  and  the  light 
sandy  and  sandy  loam  soils,  which  are  characteristic  of  nearly  the 
entire  region,  doubtless  contribute  toward  this  end.  The  temperar 
ture  is  usually  relatively  high  during  the  period  when  the  fruit  is 
making  its  growth,  w^ithout  which  the  other  factors,  however  favor- 
able, would  fail  to  produce  early  ripening. 

The  location  of  the  region  with  reference  to  the  larger  markets  and 
distributing  centers  of  the  East  is  likewise  a  favorable  factor.  The 
relationship  between  the  points  of  production  and  distribution  is 
always  an  important  matter,  and  especially  so  in  the  handling  of  any 
quickly  perishable  product.  In  case  there  should  be  developed  in 
the  future  a  demand  in  the  foreign  markets  for  early  apples,  the  com- 
paratively close  proximity  of  a  large  portion  of  this  region  to  the 
eastern  seaports,  and  the  readiness  with  which  the  fruit  grown  therein 
could  be  landed  on  the  docks,  renders  this  region  particularly  adapted 
from  this  point  of  view  for  the  supplying  of  such  demands.  Shipping 
faciUties  are  likewise  good.    Many  points  in  this  region  have  access 
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both  to  rail  and  water  transportation,  a  condition  always  considered 
faTorable  to  the  fruit  grower. 

In  general,  the  climatic  conditions  are  favorable  for  the  end  in  view. 
The  only  exceptions  that  call  for  special  notice  are  the  late  spring 
frosts  and  cold  periods  following  unseasonably  high  temperatures  in 
winter,  during  which  the  fruit  buds  advance  to  a  tender  stage.  If 
these  unfavorable  temperatures  occur  during  the  blossoming  period, 
serious  damage  is  likely  to  result.  On  account  of  the  low  elevation 
of  this  region  it  is  more  subject  to  these  conditions  than  regions 
having  higher  relative  altitudes.  In  selecting  orchard  locations, 
places  where  late  spring  frosts  are  known  to  occur  to  a  serious  extent 
should  be  avoided. 

QBOWINO  THE  FBX7IT. 

As  the  subject-matter  of  this  bulletin  is  primarily  a  description  of 
the  conditions  that  prevail  in  the  Coastal  Plain  region  and  an  account 
of  the  different  varieties  of  early  apples  grown  therein  and  their 
behavior,  only  passing  mention  is  made  of  cultural  and  fruit-handling 
methods. 

In  general,  it  may  be  said  that  the  orchard  management  requisite 
for  the  production  of  this  class  of  fruit  does  not  differ  materially 
from  the  usual  methods  employed  in  growing  winter  apples.  The 
same  pruning,  cultivating,  fertilizing,  spraying,  etc.,  are  required 
in  the  one  case  as  in  the  other.  The  later  sprayings  commonly 
recommended  for  late  varieties  are  not  so  necessary  for  the  earlier 
sorts  for  obvious  reasons,  though  the  early  applications  should  be 
made  with  the  same  thoroughness  that  is  required  for  winter  sorts. 
It  is  a  question  worthy  of  consideration,  however,  whether  later 
applications  made  after  the  fruit  has  been  harvested  would  not  be 
worth  while,  at  least  in  the  case  of  varieties  especially  susceptible 
to  fungous  diseases,  in  order  to  protect  the  foliage  during  the  long 
period  between  harvesting  and  the  end  of  the  season.  The  vigor 
and  healthfulness  of  the  trees  might  thus  be  insured  and  the  crop 
the  following  season  perhaps  improved  thereby. 

HAKDLINQ  THE  FBXJIT. 
METHODS   AND  CONDITIONS. 

The  methods  employed  in  handling  early  apples  are  much  more 
closely  allied  to  those  used  in  marketing  peaches  than  to  the  usual 
manner  of  caring  for  winter  varieties.  This  results  naturally  from  the 
diaiacter  of  the  fruit. 

As  a  rule  the  fruit  is  intended  for  immediate  consumption  and  is 
not  usually  marketed  until  fully  ripe,  or,  at  least,  in  suitable  condition 
to  use  without  delay.    As  its  period  of  duration  is  short  when  edible 
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maturity  is  reached^  it  must  of  necessity  be  used  within  a  compaid 
tively  few  days  after  it  is  put  on  the  market.  Some  varieties,  hoi 
ever,  intended  only  for  cooking,  are  shipped  as  soon  as  they  a^ 
large  enough  for  this  purpose,  without  much  regard  to  the  d^ 
of  maturity  which  they  may  have  reached.  Although  such  varietn 
may  be  held  longer  than  those  marketed  in  a  thoroughly  rip< 
condition,  they  soon  begin  to  deteriorate  if  held  for  any  considei 
able  length  of  time. 

HARVESTING. 

In  harvesting  early  apples  careful  hand  picking  is  practiced  b] 
a  majority  of  the  most  successful  growers.  A  few  firm-fieshei 
varieties,  the  fruit  of  which  ripens  irregularly  and  drops  as  soon  ai 
it  is  well  colored  and  fully  ripe,  are  sometimes  allowed  to  drop  thei 
fruit.  If  there  is  danger  of  the  apples  being  bruised  by  strikin{ 
the  ground,  a  heavy  mulch  of  straw  is  spread  beneath  the  trees 
But  many  of  the  most  particular  growers  prefer  to  hand  pick  evei 
these  sorts,  though  it  is  rather  laborious  to  do  so  on  account  of  tfal 
ripe  fruits  being  much  scattered  over  the  trees. 

Some  of  the  less  exacting  growers  shake  the  fruit  from  the  treefi 
or  beat  it  off  with  poles,  claiming  that  the  difference  in  price  between 
the  carefully  handled  fruit  and  the  fruit  handled  by  their  method 
is  not  enough  to  justify  the  extra  expense  of  hand  picking.  It 
sliould  be  noted,  however,  in  this  connection,  that  careless  or  rough 
handling  of  fruit  in  harvesting  often  accompanies  indifferent  methods 
of  culture.  The  grade  of  the  fruit  grown  frequently  determines  the 
expense  that  is  justifiable  in  preparing  it  for  market. 

The  period  of  growth  from  blossoming  to  maturity  is  relatively 
short,  and  the  changes  which  occur  in  the  development  of  the  fruit 
take  place  with  corresponding  rapidity.  It  may  be  only  a  very 
short  time,  as  measured  by  days,  l)etwecn  a  date  when  an  apple  is 
too  immature  to  pick  and  the  period  when  it  becomes  overripe. 
Because  of  tliis,  several  pickings  of  most  varieties  are  usually  made, 
as  in  picking  peaches.  The  specimens  wliich  are  small  and  imnuk 
ture  when  the  first  picking  is  made  will  commonly  develop  with 
increased  rapidity,  attaining  a  degree  of  perfection  not  reached  by 
the  more  advanced  specimens. 

GRADING   AND   PACKING. 

In  the  marketing  of  early  apples  the  details  of  grading  and  packing 
require  the  same  painstaking  attention  that  the  successful  marketing 
of  other  quickly  perishable  fruits  demand.  Fruit  that  is  bruised 
should  be  discarded.  Though  it  may  not  appear  to  be  defective 
when  it  is  packed,  bruises  and  other  similar  blemishes,  especially  i^ 
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caae  of  certain  varieties,  become  very  conspicuous  after  the  fruit  has 
I  been  picked  a  short  time.  Even  if  it  looks  well  when  packed,  such 
;  fruit  is  likely  to  deteriorate  greatly  before  it  reaches  the  market. 
:  Some  of  the  early  apples  grown  in  tliis  region  are  prepared  for 
i  market  in  the  orchards,  but  most  of  them  are  taken  to  packing 
jliouses,  where  they  can  be  more  conveniently  handled.  Plate  III, 
l%iire  1,  shows  a  convenient  packing  house.  The  upper  portion  of 
the  building  is  used  for  storing  packages,  etc.  There  is  a  door  on 
each  side,  thus  making  it  convenient  to  receive  or  discharge  fruit  at 
any  point  on  the  floor.  A  common  method  of  handling  early  apples 
in  the  packing  houses  in  grading  and  packing  is  shown  in  Plate  III, 
Igure2. 

PACKAGES. 

Several  different  styles  of  packages  are  used  in  this  region  for 
eariy  apples,  of  which  the  following  are  the  most  important.  In 
some  sections  the  J-bushel  crate,  formerly  much  used  in  Delaware 
for  shipping  peaches,  was  commonly  used  in  the  earlier  years  and 
IS  still  seen  occasionally,  though  it  has  passed  out  of  general  use. 

The  growers  in  the  New  Jersey  section  who  market  their  fruit  in 
Fkiladelphia  use  the  half-bushel  peach  basket,  usually  without  covers. 
These  are  shown  in  Plate  II,  figure  1.  In  other  important  sections 
a  {-bushel  basket  with  cover  has  been  used  for  several  years  with 
excellent  satisfaction.  These  baskets  may  be  seen  on  the  wagon 
shown  in  Plate  II,  figure  2.  This  figure  also  shows  the  manner  in 
which  these  packages  are  loaded  for  hauling  to  the  shipping  station. 

A  few  growers  pack  their  fancy  fruit  in  six-basket  carriers  and 
find  that  for  some  markets  it  pays  to  incur  the  additional  expense 
which  this  style  of  package  makes  necessary.  Twenty-pound 
Oimax  baskets  are  also  used  occasionally. 

METHODS  OF  SELLING  THE  FBUIT. 

Several  methods  of  selUng  the  early  apples  grown  in  tliis  region 
aie  practiced.  Perhaps  the  most  simple  one  is  tliat  employed  by 
the  growers  who  are  located  in  the  New  Jersey  section  within  15  to 
20  miles  of  Philadelphia.  The  fruit  is  packed  in  half-bushel  baskets 
as  above  mentioned,  loaded  on  large  wagons  built  for  the  purpose 
(PI.  II,  fig.  1),  and  hauled  directly  to  the  commission  houses  or  other 
markets.  In  some  cases  the  grower  runs  his  ovm  stand  in  the 
market,  perhaps  handUng  truck  and  other  farm  produce  at  the  same 
time.  By  either  of  these  methods  the  packages  are  returned  to  the 
grower. 

At  the  more  important  shipping  centers  the  growers  sell  f.  o.  b.  as 
moch  as  possible,  thus  avoiding  all  risk  in  transit  and  the  possi- 
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bility  of  loss  from  poor  market  conditions.  This  method  makes  iii 
possible  to  ship  in  car  lots,  as  the  buyer  fills  his  cars  ordinarily  with 
fruit  purchased  of  diflFerent  growers. 

KABEETS  AND  THB  PLACE  HELD  BY  ST7MMEB  APPIiES. 

Very  naturally,  large  and  relatively  near-by  distributing  centers,  sudi 
as  Philadelphia  and  New  York,  receive  lai^e  quantities  of  summer 
apples  from  this  region.  To  a  less  extent,  some  of  the  New  En^and 
markets,  principally  Providence,  R.  I.,  and  Boston,  Mass.,  receive  mora 
or  less  fruit,  especially  of  certain  varieties.  During  the  past  few  years, 
however,  new  and  more  distant  markets  have  been  sought.  As  • 
result,  considerable  quantities  of  fruit  from  the  Chesapeake  peninsula 
section  are  shipped  to  such  points  as  Pittsburg,  Pa.;  Cincinnati,  Ohio; 
Detroit,  Mich. ;  Chicago,  111. ;  and  to  even  other  more  distant  westem 
and  northwestern  points. 

Foreign  markets  also  offer  an  outlet  for  considerable  quantities  oi 
early  apples,  especially  when  the  European  crop  is  light.  The  results 
of  the  experimental  export  shipments  made  by  the  Bureau  of  Plant 
Industry  indicate  that  for  fruit  of  good  grade  properly  handled  and 
when  the  markets  are  not  overstocked  with  home-grown  fruit,  good 
returns  may  be  expected  from  London,  Liverpool,  and  some  of  the 
other  leading  foreign  markets. 

As  an  important  commercial  product,  summer  apples  are  a  com- 
paratively  new  commodity  in  many  markets  and  their  use  has  been 
limited.  They  have  not  filled  a  place  comparable  with  that  held  by 
peaches,  winter  apples,  and  some  other  fruits.  Hence,  in  the  past  th« 
period  of  real  demand  for  them  has  usually  been  during  a  scarcity  ol 
other  fruits.  There  is  evidence,  however,  that  a  very  lai^e  numbei 
of  consumers  have  now  come  to  think  of  summer  apples  as  filling  a 
definite  place  in  their  food  supply.  While  the  demand  is  naturally 
more  or  less  influenced  by  the  abundance  of  other  fruit  in  the  markets 
during  the  summer-apple  season,  it  is  not  so  much  dependent  upoi 
the  availability  of  other  fruit  as  in  the  earlier  years  and  it  is  becoming 
more  constant  as  the  regularity  and  abundance  of  the  supply  of  earij 
apples  increases. 

THE  PROBLEM  OF  VARIETIES. 

CONSIDERATIONS    GOVERNING    SELECTION. 

There  are  several  fundamental  features  which  should  always  Im 
considered  in  selecting  the  varieties  of  any  kind  of  fruit  to  be  grown  ii 
a  given  region  or  under  particular  conditions.  The  purpose  for  whid 
it  is  to  be  grown,  whether  dessert  or  cookijig,  home  consumption  oi 
market,  should  be  given  due  weight.  A  variety  may  behave  in  i 
certain  maimer,  ripen  its  fruit  during  a  particular  period,  and  sho^ 

104 


DISCUSSION   OF  VARIETIES.  23 

other  habitual  characteristics  when  growing  under  a  certain  com- 
bination of  conditions  of  soil,  climate,  elevation,  and  cultural  methods. 
When  the  variety  is  grown  under  other  combinations  of  conditions  it 
may  behave  in  a  very  different  manner.  In  other  words,  a  variety  is 
subject  to  the  influence  of  the  conditions  under  which  it  is  grown. 
Li  those  conditions  there  may  be  involved  both  natural  factors,  such 
as  soil  and  climate,  and  factors  which  are  more  or  less  artificial,  such 
IS  are  imposed  by  man  in  his  methods  of  culture. 

It  will  now  be  understood  how  the  subject-matter  of  the  preceding 
pages  has  application  to  the  notes  which  follow  regarding  the  varieties 
that  are  being  grown  in  this  region.  The  fact  is  here  emphasized  that 
the  statements  made  in  the  following  discussion  of  varieties  have 
ffped&c  application  only  to  the  fruit  grown  under  the  conditions  that 
prevail  in  this  region.  It  is  hoped,  however,  that  the  information 
pfesented  regarding  existing  conditions,  and  the  behavior  of  the 
varieties  referred  to  under  those  conditions,  may  be  of  some  assistance 
m  selecting  varieties  for  other  localities. 

In  the  scope  of  this  bulletin  it  has  been  the  intention  to  include  only 
Tarieties  which  reach  maturity  in  some  section  of  this  region  not  later 
than  the  middle  of  September. 

DISCUSSION  OF  IMPORTANT   VARIETIES. 

The  following  varietal  list  includes  the  most  important  early 
varieties  which  are  grown  in  this  region,  and  a  considerable  number 
of  others  which  are  known  only  in  a  limited  way.  No  attempt, 
except  in  a  few  cases,  has  been  made  to  give  a  detailed  description  of 
the  varieties  mentioned.  Usually  a  few  of  the  more  prominent  varietal 
characteristics  are  named  in  order  that  the  reader  who  is  unacquainted 
with  a  variety  may  be  able  to  obtain  readily  a  general  idea  of  its 
ippearance  and  quality. 


Tins  10  a  very  old  variety,  probably  of  Rufwian  origin.  It/«  hiRtory  is  briefly  indi- 
citod  in  the  f<^lowing: 

"The  evidence  is  reliable  that  Red  Astrachan,  with  Duchess  of  Oldenburg  [Olden* 
Ud]^]  and  Alexander,  were  introduced  into  England  by  the  Royal  Horticultural 
Sooety  from  Sweden,  aa  Ruasian  apples  about  the  year  1816.  Wm.  Kenrick  in  his 
ciUlogue  in  1832  spcAks  of  them  as  promising.  In  1834  The  Massachusetts  Horti- 
coltund  Society  imported  them,  adding  Tetofsky  [Tetofski].  In  1839  the  elder 
Ibnzung  of  Salem  exhibited  them  as  home  grown.  Since  then  they  have  been 
widdy  distributed.'* « 

The  Alexander  apple  has  become  quite  widely  distributed  in  many  parts  of  the 
coontry,  thoiigh  not  grown  in  large  quantities.  In  this  region  a  few  trees  of  it  have 
been  foand  at  widely  separated  points.  The  tree  is  a  fairly  strong  grower  on  the 
%bt  nil  where  it  has  been  observed.  It  comes  into  bearing  quite  young,  but  fruits 
■Qitty  on  alteniate  yeazs.  The  fruit  is  roundish  conic;  usually  large  to  very  large; 
peeUBh  yeDow,  heavily  striped  with  red  when  well  colored;  acid;  quality  good;  of 
nine  primarily  for  cooking.    Its  season  begins  the  last  of  June  in  eastern  North 
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Carolina;  in  central  New  Jerseyi  about  one  month  later.  The  variety  is  considered 
desirable  as  a  commercial  sort  by  some  of  the  growers.  In  some  sections  the  fruit 
is  inclined  to  drop  prematurely,  but  this  characteristic  has  not  been  reported  from 
this  region  in  the  present  connection. 

Bachelor  Blush. 

This  variety  is  said  to  be  of  New  Jersey  origin,  but  details  of  its  history  are  not 
obtainable.  It  is  not  widely  disseminated  and  in  this  r^on  is  known  only  to  a  veiy 
small  number  of  growers.  The  rather  meager  information  obtainable  concerning  its 
behavior  indicates  that  it  may  possess  considerable  merit. 

The  tree  is  said  to  be  prolific,  bearing  more  or  less  fruit  annually.  The  fruit  resem- 
bles the  Maiden  Blush  apple  considerably  but  is  rather  laiger  than  that  variety; 
frequently  more  highly  colored  and  of  better  dessert  quality.  In  central  New  Jeney 
ripening  begins  the  last  of  August. 

Benoni. 

This  variety  originated  in  Massachusetts  many  years  ago.  The  first  published 
reference  to  it  appeared  in  the  New  England  Farmer  in  1831.  It  is  growing  in  a  few 
orchards  in  central  New  Jersey  and  in  at  least  one  tide-water  orchard  in  Virginia. 

The  tree  grows  with  sufficient  vigor  and  bears  heavy  crops  on  alternate  years, 
though  under  some  conditions  nearly  annual  crops  are  produced.  The  fruit  pos- 
sesses high  dessert  quality  and  is  of  attractive  appearance;  color  yellowish,  over- 
spread with  red  and  striped  with  crimson.  It  is  too  small,  however,  for  general 
commercial  purposes,  though  for  a  special  trade  some  demand  might  be  created  for 
it  on  account  of  its  high  dessert  quality.    This  also  commends  it  for  home  use. 

In  the  Virginia  orchard,  above  mentioned,  which  is  located  in  dose  proximity  to 
the  coast,  this  variety  has  done  especially  well  in  recent  years.  The  trees  hear 
heavily  and  the  fruit  reaches  a  good  size  for  the  variety,  obtaining  a  high  degree  of 
perfection.  In  this  orchard  good  cultural  conditions  are  maintained.  The  fruit 
begins  ripening  early  in  July  in  Virginia;  in  central  New  Jersey  it  is  two  weeks  or  ao 
later. 

Bibbing. 

So  far  as  information  at  present  available  indicates,  this  variety  was  first  propa- 
gated and  distributed  in  this  region  sometime  prior  to  1875,  by  the  late  Mr.  Randolph 
Peters,  whose  niu'sery  was  not  far  from  Wilmington,  Del.  It  does  not  appear,  how- 
ever, to  have  been  planted  extensively,  as  only  an  occasional  orchard  in  this  region 
now  contains  it.  On  account  of  its  very  close  resemblance  to  the  Oldenburg  apple, 
and  the  danger  of  confusion  with  that  variety,  attention  is  here  directed  to  it. 

In  habit  of  growth,  the  tree  makes  a  rather  flat,  broad  top,  moderately  dense,  and 
with  heavy  dark-green  foliage.  In  contrast  with  this  habit  the  top  of  Oldenburg  is 
usually  more  roimdish  and  less  dense  and  the  foliage  somewhat  lighter.  The  fruit 
of  these  two  varieties  is  hardly  distinguishable  one  from  the  other.  Bibbing  is  per- 
haps leFs  nharply  acid  and  may  be  slightly  earlier  than  Oldenburg.  Otherwise  it  is 
scarcely  possible  to  distinguish  any  constant  points  of  difference  between  them,  amd 
even  those  noted  as  distinguishable  may  be  so  influenced  by  conditions  as  to  be  of 
little  value  for  purposes  of  identification. 

Bietigheimer.    Synonym:  Red  Bietigheimer. 

This  variety  is  of  German  origin.  It  is  growing  in  a  small  number  of  orchards  in 
central  New  Jersey  and  Delaware,  hoth  on  the  very  light  sandy  soils  and  the  more 
loamy  types. 

The  tree  is  a  fairly  vigorous,  upright  grower  under  these  conditions,  but  the  variety 

is  not  proving  thus  far  to  be  of  any  special  value.    It  is  late  in  coming  into  beariiig» 

trees  10  to  15  years  old  having  borne  very  sparingly.    Older  trees  in  other  regions 

indicate  that  heavy  bearing  is  unusual.    Under  favorable  conditions  the  fruit  is  veiy 
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hige  in  size;  skin  yellowish,  nearly  covered  with  a  pinkish-red  bliifih,  often  with  a 
more  or  leas  marbled  effect;  subacid  in  flavor.  The  fruit  thus  far  produced  in  this 
region  has  been  rather  inferior  in  appearance  and  quality.  Its  season  in  New  Jersey 
and  Delaware  begins  the  last  of  July  to  the  first  of  August. 

Bontun.    Synonym:  Magnum  Bonum. 

The  Bonum  apple  is  supposed  to  have  originated  in  Davidson  County,  N.  C, 
and  has  been  in  cultivation  many  years.  It  is  quite  widely  distributed  throughout 
the  South.  In  this  r^on  it  is  growing  in  many  places  in  North  Carolina,  laigely 
in  the  older  orchards,  and  to  some  extent  in  Virginia.  It  is  rarely  found  at  more 
northern  points. 

The  tree  is  fairly  vigorous  and  generally  healthy,  with  dark  heavy  foliage.  In  the 
iections  above  mentioned,  it  is  a  regular  bearer.  The  fruit  is  small  to  medium  in 
oze,  occasionally  laige;  its  under  color  is  yellow,  overlaid  with  dark  crimson;  mild 
subacid  flavor  and  of  excellent  dessert  quality.  In  the  sections  referred  to,  its  season 
begins  early  in  September  and  continues  through  the  greater  part  of  October.  It  is 
even  said  by  some  growers  that  it  can  be  kept  all  winter  without  special  care. 

For  home  use,  a  personal  market,  or  even  for  general  commercial  purposes  this 
variety  appears  to  be  worthy  of  more  extensive  planting  in  these  sections.  Indica- 
taoDs  point  also  to  a  range  of  adaptability  extending  as  far  north  as  central  Delaware. 
The  high  dessert  quality  and  fine  appearance  of  the  fruit  make  it  particularly  attract- 
ive. It  is  admirably  suited  for  hotel  or  other  trade  where  a  highly  colored  apple  of 
fine  quality  and  not  over  large  size  is  desired. 

Bough.    Synonym:  Sweet  Bought  Large  Yellow  Bough, 

The  first  mentioned  synonym  is  the  name  under  which  this  variety  is  generally 
known,  but  it  is  reduced  to  Bough  under  the  rules  of  nomenclature  of  the  American 
Pomological  Society.  This  is  abo  the  name  under  which  it  was  described  in  1817  by 
Goxe,  this  being  the  earliest  published  description.  Its  origin  is  obsciure,  except  the 
mere  £act  that  it  is  a  native  variety. 

The  Bough  apple  is  widely  distributed  in  many  sections  of  the  country,  and  in  this 
region  it  is  in  many  orchards  throughout  the  Maryland,  Delaware,  and  New  Jersey 
sections,  though  not  produced  in  large  quantities. 

The  tree  is  only  moderately  vigorous  under  the  conditions  in  these  sections.  Some 
complaint  of  its  being  short  lived  is  made.  A  few  instances  of  rather  serious  twig 
bhf^t  have  been  observed,  but  this  does  not  appear  to  be  common.  Shy  bearing  is 
reported  by  some,  but,  as  a  rule,  &irly  r^:ular  and  abundant  crops  are  produced. 
The  fruit  is  medium  to  large,  greenish  yellow,  tender,  crisp,  and  of  a  rich,  sweet  flavor. 
Its  season  usually  lasts  about  two  weeks  in  individual  orchards,  though  occasionally 
the  fruit  is  all  harvested  at  a  single  picking.  It  may  be  had  at  some  point  in  the 
sections  mentioned  during  most  of  July,  the  exact  date  of  maturity  depending  upon 
the  location  and  local  conditions. 

Experiences  differ  as  to  the  profitableness  of  this  variety.  Its  principal  use,  on 
account  of  its  flavor,  is  for  eating  out  of  hand  or  for  baking.  It  is  the  one  sweet 
euly  variety  that  is  commonly  grown,  hence  it  may  be  of  particular  importance 
lor  this  reason.  It  is  probably  better  adapted  to  a  special  trade  or  a  personal  market 
than  it  is  for  general  commercial  purposes.  It  is  said  to  sell  well  at  some  of  the  seashore 
naorts  along  the  New  Jersey  and  Delaware  coast. 

Bndingliain.    Synonyms:  Fall  Qtueen,  Equinetely^  Byers^  Red,    Nearly  thirty  other 
synonjrms  have  been  applied  less  generally  than  the  ones  here  mentioned. 
The  history  of  this  variety  traces  back  with  fairly  definite  records  to  1777  to  the 
Sttden  of  Col.  John  Byers,  of  revolutionary  fame,  who  lived  in  Louisa  County,  Va. 
The  Buckingham  is  quite  widely  distributed  in  many  sections  of  the  South,  but  is 
not  grown  in  laige  quantities.    It  is  in  a  few  orchards  in  the  Virginia  and  North 
Caitdina  sections  of  this  region,  but  is  relatively  imimportant. 
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Thd  tree  in  a  laige  propwtion  of  the  oTchards  in  these  sections  where  it  is  fonnd 
is  a  weak  grower  and  more  or  lees  subject  to  certain  diseases.  The  fruit,  when  well 
grown,  is  large;  under  color  yellow,  heavily  washed  over  most  of  the  surface  with 
crimflon  and  rather  indistinctly  striped;  subacid,  very  pleasant;  good  to  very  good. 
In  these  sections  its  season  begins  early  in  September,  but  continues  for  several  weeks 
so  that  it  may  be  considered  an  early  fall  rather  than  a  summer  variety. 

It  is  of  doubtful  value  in  the  Yiiginia  and  North  Carolina  sections  of  this  region. 
Even  in  the  Qrchards  where  the  trees  are  in  good  condition  the  fruit  does  not  mature 
well  and  is  apt  to  rot,  indicating  a  lack  of  adaptability  to  these  conditions.  As  the 
variety  is  well  adapted  to  the  conditions  existing  in  the  Piedmont  and  Blue  Ridge 
regions  of  Virginia  and  North  Carolina  where  the  altitude  is  higher  than  in  the  Coastal 
Plain,  it  is  possible  that  it  would  do  relatively  better  in  the  northern  portion  of  this 
region  than  it  does  in  the  southern. 

Oelestia. 

This  variety  originated  in  Miami  County,  Ohio.  The  original  tree  is  said  to  have 
been  a  seedling  of  Stillwater.  It  has  been  in  cultivation  for  forty  years  or  more 
theugh  it  has  never  come  into  general  cultivation.  It  has  been  found  in  only  two  or 
three  orchards  in  this  region  and  in  the  adjacent  areas.  These  are  in  Delawaro  and 
Virginia. 

The  tree  is  a  fine,  thrifty,  upright  grower  and  a  prolific ,  nearly  annual ,  bearer.  Fruit 
large;  roundish  conical;  pale  yellow,  moderately  sprinkled  with  gray  or  brown  dots; 
flavor  rich,  mild,  subacid,  very  pleasant;  quality  very  good.  It  reaches  edible 
maturity  in  the  Virginia  location  about  the  first  of  September  and  is  slightly  later 
farther  north  in  the  Chesapeake  peninsula. 

Though  the  trial  of  this  variety  in  this  region  has  not  been  sufficient  to  wammt 
definite  conclusions,  it  is  promising  for  its  season  and  highly  prized  by  the  few  giowen 
who  have  had  experience  with  it. 

Champlain.    Synonyms:  Nyack,  Nyack  Pippin, 

In  this  r^;ion  this  variety  is  known  as  Nyack  or  Nyack  Pippin.  It  is  supposed  to 
have  originated  in  Vermont  or  New  York,  but  historical  data  are  lacking.  It  is  grown 
to  a  limited  extent  in  some  sections  of  the  North,  but  is  not  generally  known  to  fmit 
growers.  It  is  in  quite  a  large  number  of  orchards  in  New  Jersey  and  Delawaxe,  but 
as  in  the  North  very  many  of  the  growers  are  unacquainted  with  it. 

The  tree  is  a  fairly  vigorous,  somewhat  upright  grower,  apparently  long  lived.  It 
is  generally  productive,  bearing  nearly  annual  crops  in  some  orchards.  The  fruit 
is  medium  to  large;  greenish  yellow,  sometimes  with  blush  on  exposed  side  when 
fully  ripe;  pleasant  subacid  flavor.  It  is  usually  shipped  from  these  sections  during 
the  last  week  or  ten  days  of  July  and  early  August.  The  fruit  holds  to  the  tree  fairly 
well,  so  that  it  may  be  handled  during  a  rather  long  period  of  time. 

While  of  minor  importance,  relatively,  in  the  sections  of  this  region  where  it  is  grown, 
it  is  usually  considered  a  desirable  commercial  variety,  though  perhaps  leas  profitable 
than  some  other  sorts. 

Chenango.    Synonyms:  Chenango  Strawberry,  Strawberry,  Sherwood's  Favorite, 
This  variety  probably  originated  in  New  York,  though  some  accounts  suggest  Con* 

necticut.     It  is  grown  sparingly  in  many  sections  of  the  North;  in  this  region  it  is  not 

being  grown  commercially  and  is  to  be  found  in  but  very  few  orchards. 
The  tree  is  fairly  satis^tory  in  its  habit  of  growth.    Fruit  is  oblong,  conic,  abo^e 

medium  size;  whitish  yellow,  striped  and  splashed  with  crimson;  pleasant  subacid; 

very  good.    In  the  New  Jersey  section  the  season  begins  about  the  first  of  August. 
The  locations  where  the  variety  has  been  reported  are  on  light,  sandy  soil.     It  does 

not  appear  to  be  well  adapted  to  this  region .    At  one  place  in  central  New  Jersey ,  under 

rather  indifferent  cultural  conditions,  the  fruit  is  said  to  decay  usually  before  it  ripeiM, 
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uid  it  seldom,  if  ever,  colors  well.  Besides  this  it  does  not  develop  properly.  This  has 
been  the  continuous  record  of  trees  which  are  from  35  to  40  years  old.  Younger 
trees  in  southern  Delaware  have  perhaps  been  slightly  more  satis^tory,  but  it  is 
ippaiently  of  little,  if  any,  value  here. 

Cdton.    Synonym:  Ecarly  Colton. 

This  variety  is  said  to  have  originated  in  Franklin  County,  Mass.,  on  the  farm 
of  a  Mr.  Ck>lton.  It  has  been  propagated  more  or  less  for  nearly  seventy  years 
TRttlly  under  the  synonym  mentioned.  It  has  some  prominence  in  the  Delaware 
ud  Maryland  sections  of  this  region,  where  it  is  grown  more  or  less  on  the  light  sandy 
nils  chancteristic  of  these  sections. 

The  tree  is  moderately  vigorous,  healthy,  and  fairly  prolific,  but  in  many  instances, 
eren  under  good  care,  the  fruit  foils  to  develop  satisfactorily  and  many  culls  result. 
It  bean  with  a  good  degree  of  r^:ularity,  producing  some  fruit  nearly  every  year. 
The  apple  is  of  medium  size,  greenish  yellow,  sometimes  blushed  on  exposed  side, 
and  of  subacid  flavor.  The  normal  season  of  ripening  in  these  sections  is  about  the 
middle  of  July.  The  fruit  is  sometimes  handled  in  a  rather  immature  condition  as 
eariy  as  the  first  week  in  July.  It  matures  quite  evenly,  so  that  frequently  the  most 
ai  the  crop  can  be  gathered  at  a  single  picking. 

In  the  experience  of  some  growers,  this  variety  is  not  as  good  for  shipping  as  some 
other  sorts,  especially  when  marketed  in  a  fully  ripe  condition.  It  is  inclined  to 
torn  dark  under  the  skin  if  bruised,  rendering  it  unattractive  in  appearance.  At 
present  it  is  not  of  great  value  in  this  region  and  as  there  are  one  or  two  other  more 
desirable  varieties,  especially  Early  Kipe,  of  nearly  the  same  season,  it  is  doubtful 
if  it  will  become  of  any  special  importance  here,  though  possessing  some  merit 

CamdL    Synonyms:  ComelVs  Fancy ^  ComelVs  Favorite. 

The  original  tree  of  this  variety  is  said  to  have  stood  on  a  farm  owned  by  Mr.  Gilman 
C<jmell  and  situated  in  Southampton  township,  Bucks  County,  Pa.  It  is  not  much 
grown  in  this  region,  being  confined  mostly  to  a  few  orchards  in  the  New  Jersey  section. 
U^t  aandy  soils  characterize  the  locations  where  it  has  been  observed.  Some 
complaint  is  made  that  the  trees  lack  vigor  and  are  short  lived. 

The  fruit  is  mediimi  size  or  above,  much  resembling  Chenango,  with  which  it  is 
doabtieBB  sometimes  confused.  It  is  of  better  dessert  quality  than  that  variety. 
It  appears  to  be  better  adapted  to  the  section  above  mentioned  where  it  is  being 
giown  than  Chenango,  since  it  develops  to  a  good  degree  of  perfection  without 
nanifesting  the  defects  referred  to  under  that  variety.  It  begins  to  ripen  about  the 
middle  of  August  in  central  New  Jersey. 

CroM. 

The  Cross  apple  originated  near  Fair  Play,  Washington  County,  Md.,  but  has  not 
become  widely  known.  So  far  as  observed  in  this  region,  it  is  growing  in  only  one 
wcliard,  which  is  located  in  Caroline  County,  Md. 

The  tree  is  a  strong,  vigorous  grower  and  an  abundant  bearer.  The  fruit  is  laige; 
rrjUDdiah  oblate;  greenish  yellow,  striped  and  splashed  with  light  red;  slightly  sub- 
acid; good  to  very  good  in  dessert  quality;  also  reconmiended  for  culinary  purposes. 
In  the  section  above  mentioned  it  ripens  from  the  middle  to  the  last  of  August.  It 
bae  not  been  sufficiently  tested  in  this  region  to  demonstrate  its  value,  but  is  con- 
^■fcred  very  promising  for  its  season  by  the  one  grower  interviewed  who  has  it  under 
''fcservation. 

T^iete  is  a  Ruasian  variety  grown  under  this  name  which  is  a  late-keeping  sort. 

D«»6a.    Synonym:  Datoes  Porter. 

Orig^,  Massachusetts.    This  variety  is  known  only  to  one  or  two  growers  in  this 
^^poa,  hence  it  has  not  been  tested  sufficiently  to  determine  its  value.    It  is  a  large 
*Pple;  ligjlit  yellow,  shading  to  a  darker  color  with  a  suggestion  of  red;  mild  subacid, 
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rich;  very  good.    It  ripens  during  August  in  the  central  part  of  the  Chesapeake 
peninsula. 

Early  Edward.    Synonym:  Edward  Early. 

Aside  from  the  fact  that  this  variety  is  of  American  origin,  its  history  is  obsciu^. 
It  waB  mentioned  by  James  Mease  in  the  first  American  edition  of  "The  Domestic 
Encyclopedia,"  which  was  published  in  Philadelphia  in  1804.  It  is  grown  to  a  very 
limited  extent,  and  in  this  region  it  is  to  be  found  in  only  a  small  number  of  the  older 
orchards. 

The  tree  is  fairly  vigorous  and  productive,  \\liere  the  San  Joee  scale  is  a  serious 
pest  it  appears  to  be  peculiarly  resistant  to  this  insect.  It  hajs  been  observed  that 
when  certain  other  varieties  are  even  destroyed  by  it,  this  one  remains  nearly  free 
from  attack.  The  fruit  is  of  medium  size  or  above;  yellow,  washed  and  striped  with 
red  and  crimson;  subacid,  pleasant;  very  good  in  dessert  quality.  In  the  central 
and  northern  sections  of  this  region,  ripening  occurs  the  last  of  July  and  the  first  of 
August.  WTien  fully  ripe,  rotting  at  the  core  is  frequently  serious.  For  this  reason 
its  value  for  market  purposes  is  doubtful,  but  it  may  have  a  place  for  home  use  on 
account  of  its  high  dessert  quality. 

Early  Harvest.     Synonym:  Princess  Harvest. 

This  apple  was  first  mentioned  in  American  pomological  writings  in  1806.  It  is 
therefore  a  very  old  variety  and  supposed  to  be  of  American  origin.  Few  varieties 
have  become  so  widely  disseminated  over  a  large  portion  of  the  country  ad  this  one. 
Throughout  this  region  it  is  probably  the  most  widely  grown  of  any  sort.  How- 
ever, it  is  to  be  found  more  generally  in  the  older  orchards,  having  been  planted  but 
little  in  recent  years. 

Generally  the  tree  is  fairly  vigorous  and  healthy,  though  in  some  sections  of  thia 
region,  especially  in  the  North  Carolina  portion,  it  is  often  badly  affected  with  stem 
or  trunk  tumors  or  knots  ^  and  certain  other  fungous  diseases.  The  fruit  is,  typically, 
medium. to  large  in  size;  pale-yellow  color;  pleasant  subacid  flavor;  dessert  quality, 
very  good.  Ripening  begins  at  southern  points  in  this  region  by  the  middle  of  June; 
in  the  northern  portion  it  is  about  three  weeks  later. 

As  ordinarily  grown,  the  fruit  is  very  irregular  in  size  and  grade,  many  poor,  knotty 
specimens  being  produced.  It  is  much  subject  to  injury  from  the  plum  curculio. 
Hence  a  considerable  proportion  of  the  crop  is  usually  of  low  grade,  which  renders 
it  leas  profitable  commercially  than  some  other  varieties  of  the  same  season.  As  a 
market  sort,  therefore,  it  is  not  popular.  Its  high  dessert  quality,  however,  gives  it 
a  place  in  the  home  orchard.  It  is  probable  that  it  is  better  adapted  to  the  climatic 
conditions  in  the  northern  or  New  Jersey  portion  of  this  region  than  at  southern 
points.  Here  the  tree  is  generally  less  subject  to  disease  and  as  a  rule  the  fruit 
develops  to  a  higher  degree  of  perfection. 

Early  Joe. 

This  variety  originated  many  years  ago  at  East  Bloomfield,  Ontario  County,  N.  Y., 
in  the  same  orchard  with  Northern  Spy  and  Melon.  It  is  said  to  have  received  its 
name  from  the  fact  that  a  man  by  the  name  of  Joe  was  for  a  time  accustomed  to  steal 
the  fruit  early  in  the  morning  before  he  was  in  danger  of  being  observed.  It  is  not 
much  cultivated  in  any  section.  In  this  region,  it  exists  in  only  an  occasional 
orchard.  The  trees  which  have  been  observed  here  are  making  a  rather  poor,  unsatis- 
factory growth.  The  fruit  is  small  to  medium;  oblate,  conic;  dull  greenish-white 
imdercolor,  ^4th  dull  red  washing  and  striping;-  tender,  juicy,  mild  subacid, 
and  of  high  dessert  quality.  Its  season  in  the  central  portion  of  this  region  is  the 
last  of  July  and  early  August.     Its  high  quality  commends  it  for  home  use,  but  it 

a  See  Circular  .3,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture. 
104 


DISCUSSION    OF   VARIETIES.  29 

m  loo  fDull  for  market  purpoeeo.    On  account  of  the  weakneas  of  the  t/ee,  however, 
it  is  of  doubtful  value  in  this  region  for  any  purpose. 
Buly  Kipe. 

This  variety  is  auppoeed  to  have  come  originally  from  Adanu  County,  Pa,,  but 
Ibe  point  ia  open  to  question.  It  is  evidently  not  generally  known  over  a  wide  range 
of  country,  but  in  this  region  it  is  one  of  the  most  importantof  the  early  commercial 
larti  of  the  white  or  yellow  skinned  varieties.  It  is  gronn  extensively,  however, 
mty  in  the  Chesapeake  peninsula  sections.  There  appears  to  be  no  well-defined 
reuon  why  it  has  not  become  known  and  generally  planted  in  New  Jersey,  but  it 


Fio.  2.— An  Early  Ripe  appJa  troo  la  Dolawue,  about  15  years  old- 
id  practically  unknown  in  that  section;  the  same  i»  true  ill  the  Virpnia  »i(-<:lion.     In 
S'orth  I'anjiina  it  is  to  bo  found  in  a  small  number  of  orchardH. 

Tlie  tree  is  rather  upright  in  habit  of  growth,  with  strong  tough  limbs  not  easily 
broken.  (Fig.  2.1  It  bears  early  and  in  most  cases  abundantly,  with  nearly  annual 
cnpi.  The  fruit  i^  medium  or  above  in  size,  yellow,  subacid,  of  firm  texture,  good 
quality,  and  letn  subject  to  Insect  injury,  especially  the  plum  cun'ulio.  than  many 


IneeMoa  it  is  one  of  the  eariieet.   In  someplacesit  is  the  firstvariety  tobe  shipped 
bum  the  section  where  it  is  extensively  grown.    It  cooks  well  before  it  is  fully  ripe. 
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lively  grown.  It  is  quite  widely  distributed  in  the  New  Jersey  and  Chesapeake 
peninwila  sections,  but  is  seldom  seen  in  other  portions  of  this  region. 

The  tree  is  a  strong  upright  grower  and  apparently  long  lived.  (See  fig.  3.)  It  is 
dow  in  coming  into  bearing.  As  a  rule,  only  very  light  crops  are  borne  before  the  trees 
we  10  or  12  years  old,  or  even  considerably  older  in  some  cases.  The  fruit  is  small  to 
medium;  roundish  conic;  yellowish  undercolor,  frequently  almost  entirely  overspread 
with  red,  sometimes  striped  with  darker' red;  texture  rather  firm;  very  good  to  beet  in 
dessert  quality.  The  season  of  ripening  begins  about  the  middle  of  July  in  central 
Delaware  and  lasts  for  two  or  three  weeks,  the  fruit  ripening  very  gradually.  Several 
piddngs  are  therefore  necessary. 

Opinions  differ  widely  in  regard  to  the  value  of  this  sort.  It  is  considered  one  of 
the  most  profitable  by  some;  others  regard  it  as  practically  worthless  commercially. 
The  late-bearing  habits  of  the  tree  have  already  been  mentioned.  This  is  a  serious 
objection  to  many  growers.  Unless  thoroughly  sprayed,  the  fruit  usually  scabs  very 
bftdly.  It  is  too  small  for  ordinary  commercial  purposes,  but  on  account  of  its  attrac- 
tive appearance  and  high  dessert  quality  it  is  well  suited  to  a  personal  market  or  some 
special  trade.  It  is  said  to  bring  fancy  prices  at  some  of  the  summer  resorts  along  the 
coist  of  New  Jersey  and  Delaware.  It  is  thus  evident  that  satisfactory  results  can  be 
nalixed  only  when  the  fruit  is  grown  under  high  culture  and  is  skillfully  marketed. 

Kngiiah  Codlin. 

As  the  name  suggests,  this  variety  is  of  English  origin.  It  is  cultivated  very  little 
in  this  country.  In  this  region  it  is  confined  almost  exclusively  to  the  New  Jersey 
section. 

The  tree  is  a  good  grower.  Fruit  roundish  oblate;  large;  yellowish  green,  with 
ttfonzing  on  exposed  side;  subacid;  quality  good,  especially  desirable  for  cooking. 

The  place  which  this  sort  fills  in  the  early-apple  growing  industry  of  the  New  Jersey 
section  is  rather  distinct  from  that  held  by  most  other  early  varieties.  As  indicated 
elsewhere  most  of  the  early  apples  are  marketed  in  baskets  or  other  small  packages, 
but  this  variety  is  generally  shipped  in  barrels.  It  meets  with  special  favor  in  the 
Baton  markets,  where  very  satisfactory  prices  are  usually  realized.  It  does  not  reach 
■itority  in  this  section  until  the  last  of  August  or  first  of  September,  but  it  develops  to 
a^Dod  size  for  culinary  purpo8es,.for  which  it  is  especially  valued  a  month  previous  to 
\,  and  as  soon  as  it  is  large  enough  to  cook  harvesting  and  nhipping  are  generally 
While  in  some  sections  it  may  be  held  until  fully  matured,  the  above  method 
to  be  one  of  the  most  satisfactory  ways  of  handling  it  in  New  Jersey. 
variety  is  particularly  well  adapted  to  the  heavier  soils  in  this  section,  and  when 
All  trees  are  well  cared  for,  nearly  annual  crops  are  produced.  A  single  grower  in  the 
V^jfinia  section  of  this  region  has  reported  this  variety.  In  this  case  it  is  highly 
llted. 

Aony. 

The  Fanny  apple  originated  in  Lancaster  County,  Pa.  It  is  referred  to  in  the 
levifiion  of  Downing*s  ''Fruits  and  Fruit  Trees  of  America"  for  1869  as  ''a  new 
Apple  of  great  promise  as  a  market  sort. ' '  It  is  not,  however,  very  much  grown  in  any 
Kction.  It  is  in  a  few  orchards  in  the  New  Jersey  and  Chesapeake  peninsula  sections, 
but  is  relatively  unimportant  at  present. 

The  tree  b  a  fine  grower  in  the  nursery,  of  upright  habit,  and  good  vigor.  In  the 
oicfajtfd  it  is  only  moderately  productive.  In  fact,  some  growers  offer  this  as  one  objec- 
tioD  to  it.  The  fruit  is  medium  or  above  in  size;  clear  yellow  undercolor,  overspread 
with  bright  red,  showing  some  stripes  of  a  darker  shade;  pleasant  subacid  flavor;  good 
to  very  good. 

Its  season  in  central  Delaware  is  the  last  of  July  and  early  August,  though  it  fre- 
quently extends  over  a  considerable  period.  As  a  commercial  variety  for  this  region 
it  is  ol  doubtful  value.  In  at  least  one  orchard  which  is  in  a  good  state  of  cultivation, 
the  fruit  nearly  all  drops  soon  after  it  sets.    Some  growers  speak  of  it  as  quite  irregular 
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in  thed^ee  of  perfection  which  it  attaiiiB  from  year  to  year.  On  the  other  hand, 
other  growers  state  that  it  gives  satisfactory  results  under  their  conditions,  though  in 
some  of  these  instances  it  is  not  considered  of  much  value  commercially.  It  is  evi- 
dently more  easily  influenced  by  conditions  than  many  varieties. 

Garrettson.    Synonyms:  Garrettson^s  Early ^  Somerset  Harvest. 

This  variety  originated  at  Somerset,  N.  J.  It  has  never  been  much  diflseminated 
and  hence  is  but  little  known  in  any  section. 

The  tree  is  a  spreading  grower,  and  is  reported  to  be  prolific.  Fruit  medium  to  large; 
bright  greenish  yellow ;  mild  subacid ;  not  of  high  dessert  quality,  but  good  for  cooking. 
It  ripens  during  the  last  of  July  and  early  August  in  the  central  part  of  the  Chesapeake 
peninsula.  The  variety  has  not  been  sufficiently  tested  to  determine  its  value  in  this 
region.  It  is  doubtful  if  it  is  in  any  way  superior  to  other  better  known  sorts  of  the 
same  season. 

Olowing  Coal. 

This  variety  was  disseminated  some  years  ago  by  a  New  Jersey  nursery,  but  it  has 
not  become  generally  known  in  this  region.  By  some  it  is  considered  identical  with 
Ohio  Nonpareil,  but  available  evidence  does  not  support  this  opinion.  It  has  been 
observed  in  but  a  single  orchard,  which  is  located  in  west-central  New  Jersey.  The 
trees  in  this  case  are  but  10  or  12  years  old,  hence  it  is  not  possible  at  the  present  time 
to  draw  any  very  definite  conclusions  about  the  merits  of  the  variety.  They  have 
made  a  strong  healthy  growth.  Light  crops  have  been  produced  thus  tax,  though  the 
trees  have  blossomed  full  several  times. 

The  fruit  is  large;  roundish;  greenish  yellow,  washed  and  splashed  with  crinujoD 
and  with  a  slight  overspread  of  gray ;  pleasant  subacid ;  good  to  very  good.  Its  season 
in  west-central  New  Jersey  is  the  last  of  August  to  the  first  of  September.  The  tree 
characteristics  and  the  quality  of  the  fruit  would  make  this  variety  a  desirable  one  for 
its  season,  but  it  can  not  be  generally  recommended  on  account  of  its  fruit-beariDg 
proclivities. 

Golden  Sweet. 

This  variety  is  of  Connecticut  origin.  It  is  not  much  grown  in  any  section,  but 
widely  disseminated.    In  this  region  it  is  in  a  few  orchards  at  widely  separated  points. 

The  tree  is  a  strong  grower  and  a  good  bearer.  The  fruit  is  laige ;  roundish ;  yellow; 
rich,  sweet;  good  to  very  good.  It  is  considered  by  those  who  have  it  in  this  r^on  a 
desirable  variety  for  a  sweet  summer  apple.  As  there  is  but  small  demand  for  sweet 
apples,  however,  it  is  doubtful  if  this  would  be  a  profitable  market  sort  here.  Its  sea- 
son is  the  last  of  July  to  the  first  of  August  in  the  middle  sections  of  this  region. 

Grand  Sultan. 

This  variety  is  of  Russian  origin;  it  is  but  little  grown  in  this  country.  In  this 
region  it  is  in  but  a  very  few  orchards.  The  one  in  which  it  has  been  under  cloee 
observation  for  several  years  is  located  in  the  central  part  of  the  Chesapeake  peninsula. 
The  chief  point  of  interest  concerning  it  is  its  similarity  both  in  tree  and  fruit  to  the 
Yellow  Transparent  apple.  Its  resemblance  to  Thaler  is  also  close  enough  to  be  a 
source  of  considerable  confusion.  The  best  distinguishing  difference  between  the 
Grand  Sultan  and  these  other  two  varieties,  as  grown  in  the  section  mentioned,  is  its 
relatively  short,  thick  stem,  which  is  a  fairly  constant  characteristic. 

There  are  perhaps  more  marked  differences  between  this  variety  and  the  Yellow 
Transparent  in  some  other  regions.  It  is  claimed  in  one  section,  at  least,  that  the 
Grand  Sultan  tree  is  more  vigorous  and  more  upright  in  habit  of  growth  than  the 
Yellow  Transparent  and  that  it  is  more  subject  to  twig-blight  and  less  productive. 
These  differences,  however,  as  already  noted,  do  not  appear  under  the  conditiona 
existing  where  these  varieties  have  been  critically  observed  for  a  number  of  years. 
The  Grand  Sultan  apple  bears  early  and  abundantly.  Its  season  is  the  same  as 
that  of  the  Yellow  Transparent. 
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GniTensteiii. 

This  is  a  German  introduction,  but  when  it  was  first  brought  to  this  country  is  a 
matter  of  doubt.  It  appears  quite  certain  that  two  trees  were  imported  and  planted 
in  a  garden  in  Boston  in  the  spring  of  1826.  There  is  some  evidence  that  scions  were 
imported  at  another  time;  this  may  or  may  not  have  been  at  an  earlier  date.  The 
variety  is  widely  distributed  throughout  the  country.  In  this  region  it  is  one  of 
the  most  common  and  important  varieties  of  its  season,  except  in  the  North  Carolina 
nction,  where  it  is  rarely  found. 

Hie  tree  is  a  strong,  vigorous,  spreading  grower,  producing  a  large  bearing  sur&ce. 
It  comes  into  bearing  fedrly  young,  but  not  so  early  as  some  others.  Under  high 
culture  it  produces  nearly  annual  crops,  but  as  ordinarily  grown  the  ''off-year"  crop 
IB  usually  small.  It  is,  however,  a  heavy  bearer  in  full  crop  years.  The  fruit  is 
medium  to  large;  roundish  oblate,  angular;  yellow,  striped  and  splashed  with  bright 
red;  subacid,  aromatic;  very  good. 

It  is  primarily  an  August  apple  in  New  Jersey  and  the  Chesapeake  peninsula, 
though  the  "drops"  are  frequently  shipped  the  last  of  July.  Most  of  the  fruit  is 
DBually  shipped  from  points  as  for  south  as  central  Delaware  by  the  middle  or  20th 
Off  August,  while  it  is  frequently  held  in  some  of  the  New  Jersey  orchards  until  some 
days  into  September. 

The  characteristics  of  the  fruit  make  it  an  excellent  general-purpose  variety.  It 
is  excellent  for  cooking,  for  dessert,  and  likewise  a  good  shipping  variety.  Its  long 
BSBson  of  ripening  commends  it  for  the  home  orchard  where  only  a  few  trees  can  be 
grown.  It  is  said  to  be  a  satisfactory  variety  to  put  in  cold  storage.  While  there 
has  been  very  limited  experience  in  handling  it  in  this  way,  as  is  true  of  all  early 
Tuieties,''  the  possibility  of  holding  it  when  desirable  to  do  so  may  be  worthy  of 
oooatdeiation  by  growers  in  this  region. 

Hawthomden. 

This  is  a  Scotch  variety  which  was  brought  to  this  country  many  years  ago  and 
which  has  been  disseminated  to  a  slight  extent  in  some  sections.  So  far  as  observed 
it  is  confined  in  this  region  to  a  very  small  number  of  orchards  in  the  New  Jersey  and 
Chesapeake  peninsula  sections.    It  is  unknown  to  most  growers. 

The  tree  is  said  to  be  a  slow  grower  in  these  sections  and  is  improved  by  top- working 
on  some  other  vigorous  sort.  It  bears  annually  and  abundantly.  The  fruit  resembles 
that  of  Maiden  Blush  somewhat;  there  appears  to  have  been  some  confusion  between 
these  two  varieties.  Fruit  medium  to  large;  roundish  oblate;  pale  yellow,  with 
blitth  on  exposed  side.  It  ripens  early  in  August,  the  same  season  as  Maiden  Blush, 
and  is  considered  superior  to  that  variety  by  the  small  number  of  growers  who  have 
exptesBed  an  estimate  of  its  value.  The  general  reputation  of  the  variety,  however, 
places  it  as  inferior  to  Maiden  Blush  in  flavor. 


Much  confusion  exists  in  regard  to  the  application  of  the  name  Horse,  as  several 
aorts  of  doubtful  identity  are  known  more  or  less  locally  by  it.  In  some  sections  the 
name  has  nearly  the  significance  of  a  type  name,  any  large,  yellow  apple  ripening 
euly  in  the  season  being  called  a  Horse  apple.  The  variety  to  which  the  name  is 
properly  applied  has  been  in  cultivation  many  years.  Its  place  of  origin  is  obscure, 
bat  it  18  commonly  credited  to  North  Carolina.  It  is  found  in  many  of  the  older 
orchaids  throughout  the  South.  At  one  time  it  was  considerably  planted  in  Indiana, 
hot  it  is  nrely  found  in  the  North.  In  this  region  it  is  common  in  the  North  Carolina 
iectiaii,  occaaonally  in  Virginia^  but  rarely  elsewhere. 

As  observed  in  the  North  Oaiolina  section,  the  tree  is  considerably  subject  to  twi^- 
hCg^t;  trunk  or  stem  tumois  are  also  common.  However,  the  trees  are  given  very 
litlle  attention  here,  so  that  in  comparison  with  the  standard  varieties  in  other  sections 
d  this  region  this  fact  should  be  considered. 
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For  the  purpose  of  aiding  to  establish  the  correct  identity  of  this  variety  a  detsdlc 
description  of  it  follows:  Form  roundish;  size  laige;  cavity  r^ular,  medium  six* 
deep,  abrupt  with  some  russet  markings  extending  over  base;  stem  short,  mediui 
stout;  basin  regular,  medium  size,  slope  gradual,  furrowed  and  russeted;  eye  vei 
large,  open;  surface  moderately  smooth  except  ribbing;  color  yellow,  with  delical 
blush  on  some  specimens,  sometimes  small  patches  of  russet;  dots  variable,  mostJ 
small;  flesh  yellow,  medium-fine  texture,  juicy;  core  round,  conic,  clasping,  meditu 
size,  partially  open;  flavor  subacid,  rather  rich;  quality  good  to  very  good.  I 
ripening  season  extends  over  a  considerable  period,  beginning  in  the  North  Carolii 
section  by  the  middle  of  July  and  continuing  through  August. 

Under  good  conditions  this  would  doubtless  be  a  satisfactory  sort  for  southern  lat 
tudes  of  low  elevation,  both  for  home  use  and  local  markets. 

Jefleris. 

This  is  a  native  variety  of  Pennsylvania,  having  originated  with  Mr.  Isaac  Jeffeti 
Newlin  Township,  Chester  County.  It  was  awarded  a  premium  offered  by  the  Pcnnsy 
vania  Horticultural  Society  for  the  best  seedling  exhibited  in  1848.  It  is  quit 
widely  distributed  through  the  North,  but  is  to  be  found  mostly  in  the  older  orchard 
It  is  almost  unknown  in  this  region,  having  been  observed  in  only  two  or  three  orchait 
which  are  widely  separated  from  one  another. 

The  fruit  is  medium  in  size,  oblate;  greenish  yellow  with  broken  stripes  of  erimsoi 
sprightly  subacid;  quality,  very  good.  It  has  a  comparatively  long  season,  whic 
in  the  Virginia  section  of  this  region  begins  about  July  20.  Its  high  dessert  qualit 
commends  it  for  home  use  and  a  fancy  retail  trade,  but  it  is  too  small  for  genen 
commercial  purposes.  It  would  apparently  do  well  in  the  central  and  norther 
sections  of  this  region  under  good  cultural  conditions. 

Jersey  Sweet. 

The  origin  of  this  variety  is  doubtful,,  but  New  Jersey  is  commonly  supp^oaed  t 
be  the  section  whence  it  came.  It  is  quite  widely  distributed  in  the  Xortl 
though  it  is  not  extensively  grown.  It  exists  in  a  few  orchards  in  the  central  sectioo 
of  this  region,  but  is  unknown  to  most  of  the  growers. 

The  fruit  is  medium  to  large,  roundish;  yellow  undercolor  washed  with  mixe 
light  red,  splashed  and  striped  with  bright  crimson;  sweet,  rich;  of  very  good  deasei 
quality.  In  the  Virginia  section  it  usually  begins  to  ripen  from  the  lOth  to  the  middl 
of  August.  It  may  be  worthy  of  consideration  as  a  sweet  variety  for  this  region  an 
is  referred  to  here  primarily  to  call  attention  to  its  possible  value. 

July.    Synonym :  Fourth  of  July. 

This  variety,  which  is  of  the  Tetofski  type,  is  said  to  have  reached  this  countr 
from  Cassel,  Germany,  and  to  have  been  introduced  by  Mr.  C.  F.  Jaeger,  Coliunbuf 
Ohio.  On  the  other  hand,  another  account  states  that  it  was  introduced  into  Enf 
land  from  Russia  during  the  lifetime  of  Mr.  Thomas  Andrew  Knight,  and  thenc 
found  its  way  into  Virginia.  From  this  section  it  was  disseminated  northward  an 
westward  under  the  name  Fourth  of  July,  its  original  name  having  been  lost.  Thougl 
apparently  more  or  less  distributed  in  various  sections  of  the  country,  it  remain 
unknown  to  most  fruit  growers.  In  this  region  it  is  confined  primarily  to  the  Chesa 
peako  peninsula  section. 

The  tree  makes  a  vigorous  upright  growth,  with  large,  glossy,  xather  coaree  foliage 
(See  fip:.  4.)  It  begins  to  bear  young,  trees  3  and  4  years  old  frequently  producii^ 
some  fruit,  but  it  does  not  reach  full  bearing  as  young  as  some  varieties  do,  neithe 
has  it  proved  as  uniformly  productive.  Some  orchards  which  have  been  plante< 
10  to  12  years  have  not  yet  borne  much  fruit,  though  light  crops  have  been  producer 
for  several  years.  The  general  conditions,  however,  in  the  particular  orchards  ii 
question  are  not  materially  different,  so  far  as  can  be  determined,  from  thoee  of  othe 
orchards  in  which  more  satisfactory  results  have  been  obtained.  The  fruit  is  abov< 
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Kane.    Synonyms:  Cain,  Cane,  Red  Cain, 

This  variety  originated  in  Kent  County,  Del.  It  has  been  disBeminated  but  vei^ 
little;  even  in  the  section  where  it  originated  very  few  growers  have  any  knowledge 
of  it. 

The  tree  makes  a  good  growth  and  apparently  bears  fairly  well.  The  fruit  is 
medium  to  above  in  size;  oblate  conical,  regular;  whitish  yellow  with  waxy  appear- 
ance, heavily  shaded  with  crimson;  crisp,  juicy;  good.  In  the  Chesapeake  peninsula 
section  its  season  is  about  the  middle  of  September  or  before,  but  the  fruit  will  keep 
several  weeks.  While  not  strictly  a  summer  sort,  it  apparently  has  some  merit  for  iti 
season,  though  not  sufficiently  tested  to  determine  its  full  value. 

Keswick.    Synon3rms:  Codlin,  Keswick  CodUn. 

This  is  an  English  variety  which  has  been  grown  more  or  leas  in  this  country  foi 
many  years,  but  not  extensively  in  any  section.  It  is  in  a  few  orchards  in  the  New 
Jersey  section  of  this  r^on. 

The  tree  is  moderately  vigorous.  The  fruit  is  medium  to  laige;  roundish  oblong, 
conic;  greenish  yellow;  acid;  good.  Its  season  of  ripening  is  about  the  same  as 
that  of  the  English  Codlin,  but  as  in  case  of  that  variety  it  is  frequently  shipped  before 
it  IB  fully  mature.  On  some  of  the  heavier  soils  of  this  region,  which  are  to  be  found 
in  the  section  from  which  this  report  comes,  the  fruit  is  said  to  have  a  soft  texture, 
does  not  mature  well,  and  is  of  little  commercial  value.  It  is  reported  to  have  been 
substituted  frequently  by  nurserymen  in  filling  orders  for  the  English  Codlin,  to 
which  it  is  claimed  to  be  very  much  inferior  in  the  section  above  named. 

Eirkbrid^e.    Synonym:  Kvrhbridge  White. 

The  place  of  origin  of  this  variety  is  unknown.  Many  years  ago  it  was  planted 
considerably  in  the  Middle  .West,  especially  in  Indiana,  being  brought  there  from 
New  Jersey  by  Quakers  when  going  to  that  State  for  their  yearly  meeting.  At  the 
present  time  it  is  almost  unknown  in  this  region,  being  reported  from  only  one  or 
two  points. 

The  tree  is  a  slow  upright  grower  and  an  early  abundant  bearer.  The  fruit  ib 
roundish;  medium  size;  color,  greenish  white,  sometimes  with  slight  bronzing  on 
exposed  side;  tender,  juicy,  subacid;  good.  In  Delaware  it  ripens  about  the  middle 
of  July. 

Lowell.    Synonyms:  Greasy  Pippin,  Tallow  Apple. 

This  variety  is  of  unknown  origin,  aside  from  the  fact  that  it  is  a  native  sort.  It  is 
quite  widely  distributed  in  numerous  sections  of  the  country,  especially  in  the  older 
orchards.  It  is  rarely  found  in  this  region,  but  occurs  occasionally  in  orchards  in 
the  northern  sections. 

The  tree  is  a  vigorous,  spreading  grower,  and  produces  nearly  annual  dope.  The 
fruit  is  above  mediiun  size,  yellow,  brisk  acid  flavor,  and  good  to  very  good  in  quality. 
In  the  New  Jersey  section  it  begins  to  ripen  about  August  1.  It  is  rather  perishable, 
decaying  soon  after  mature,  or  in  some  cases  even  before;  its  period  of  ripening 
extends  over  a  space  of  2  or  3  weeks.  The  premature  decay  of  the  fruit  renders  it 
less  desirable  than  some  other  sorts  of  the  same  season. 

Maiden  Blush. 

The  Maiden  Blush  apple  originated  in  New  Jersey  many  years  ago.  It  was  fint 
described  in  1817  by  Coxe,  who  then  stated  that  it  was  esteemed  in  the  Philadelphia 
markets.  It  is  grown  and  still  being  planted  over  a  wide  range  of  territory  and  is 
remarkable  in  the  foot  that  it  is  successful  in  so  large  a  number  of  the  apple- 
growing  districts  of  the  country.  In  this  r^on  it  has  been  widely  planted,  thou^ 
relatively  of  much  greater  commercial  importance  in  the  New  Jersey  section  than 
elsewhere.  It  is,  however,  a  standard  sort  for  its  season  In  the  Chesapeake  penin- 
sula section.  At  southern  points  in  the  region  it  is  found  much  less  frequently, 
but  is  a  variety  known  to  many  who  have  orchards. 
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Tbe  tree  is  a  strong  grower,  as  a  rule,  Beldom  showing  defects  of  any  kind.  (PI.  IV, 
%.  1.)  With  good  culture,  nearly  annual  crops  are  produced.  The  fruit  is  above 
medium  size;  pale  yellow  with  blush,  sometimes  becoming  a  brilliant  red  on  ezpooed 
ade. 

In  some  locations  in  Delaware  shipments  usually  begin  the  last  of  July,  but  in 
Nefv  Jersey,  where  it  has  become  of  most  importance,  its  shipping  period  is  usually 
from  the  middle  to  the  last  of  August.  It  is  a  valuable  market  sort,  though  it  does 
not  ripen  at  the  season  of  highest  prices.  It  is  considered  one  of  the  standard  sorts 
irthe  sections  in  this  region  where  it  is  most  grown. 

A  few  growers  who  have  this  variety  report  adversely  concerning  it,  but  such  expe- 
riences are  rare.  No  explanation  for  such  results  is  apparent.  It  may  require  higher 
cukuial  conditions  than  some  varieties. 

A  few  growers  have  put  the  fruit  in  cold  storage  for  a  period  of  two  to  four  weeks 
with  gratifying  results.  It  is  said  to  hold  well  in  storage  for  the  time  named,  and  this 
penniu  placing  it  on  the  market  in  some  seasons,  at  least,  when  prices  are  better  than 
they  frequently  are  during  August. 

XetB. 

Thk  variety  is  said  to  have  originated  in  Jones  Ck)unty,  N.  C.  It  has  apparently 
been  distributed  to  a  small  extent  locally,  but  is  not  widely  known,  even  to  those 
who  have  orchards  in  the  tide-water  section  of  this  State. 

The  tree  makes  a  fine,  healthy  growth,  noticeably  free  from  fungous  diseases.  The 
fruit  is  good  size,  oblate,  smooth,  more  or  less  striped  with  red.  It  ripens  in  North 
Carolina  the  last  of  July  and  early  in  August.  It  is  said  to  be  excellent  for  cooking, 
ind  especially  good  for  cider,  producing  a  much  larger  quantity  of  juice  than  most 
varieties.    It  is  recommended  by  some  for  growing  near  the  ooa^t. 

Ko  mature  specimens  of  this  variety  have  been  seen  by  the  writer.  Its  merits, 
■ide  from  the  tree  characteristics  noted  above,  are  given  here  as  reported  by  parties 
who  are  growing  it. 

linster. 

Aside  from  the  fact  that  this  variety  was  introduced  many  years  ago,  having  been 
described  by  Warder  in  "American  Pomology,"  published  in  1867,  nothing  appears 
to  be  known  relative  to  the  history  of  this  sort.  It  is  likewise  almost  imknown  to  fruit 
tnivefs.  As  far  as  observed,  it  is  confined  to  a  single  orchard  in  this  r^on,  which  is 
located  in  Caroline  County,  Md. 

The  tree  makes  a  good  growth  with  noticeably  healthy  foliage.  The  fruit  is  medium 
vibeve  in  size;  oblate;  yellow,  covered  with  mixed  red  and  crimson;  fine  grained, 
foty]  subacid,  aromatic,  rich;  best  quality.  Its  season  is  from  the  middle  to  the 
hrtol  August  in  the  section  above  mentioned.  It  w  considered  a  valuable  variety  by 
the  one  grower  who  is  acquainted  with  its  merits,  with  whom  it  is  proving  nearly  an 
f^xaX  bearer.  Its  high  dessert  quality  commends  it  for  home  use,  though  for  com- 
Acriai  purposes  its  season  of  ripening  may  be  such  that  it  would  not  be  regularly 
profitable. 

^^^^^Mdmig.    Synonyms:  Duchess  of  Oldenburg,  Dutchess ,  Borovitshy. 

This  variety  is  of  Russian  origin.  It  is  commonly  supposed  to  have  been  first 
iBtANiiiced  into  this  country  in  1834  by  the  Massachusetts  Horticultural  Society  « 
at  the  same  time  that  Alexander,  Red  Astrachan,  and  Tetofski  were  imported  from  the 
w^yil  Horticultural  Society,  London,  England.  However,  unless  the  synonym 
^i^ritsky  was  applied  at  a  very  early  date  to  some  other  variety,  it  was  intnxiuced 
Pnor  to  1833.^ 


*  See  the  quotation  under  Alexander  for  further  historical  information. 

*Genesee  Farmer,  vol.  3,  no.  24,  1833,  p.  188. 
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The  Oldenburg  apple  has  become  widely  disseminated  in  many  States,  especially  in 
the  upper  Mississippi  Valley,  where  it  is  of  value  on  account  of  the  hardiness  of  the 
tree.  It  is  not  extensively  grown  in  the  Middle  Atlantic  States,  though  it  is  well 
represented  in  the  sections  where  commercial  orcharding  has  been  developed. 
Occasional  trees  of  it  are  also  found  in  the  more  southern  sections  of  this  region. 

The  tree  is  a  good  grower,  fairly  vigorous,  with  dark,  healthy  foliage,  though  evidently 
not  making  a  laxge  tree.  Some  twig-blight  has  been  observed,  but  it  is  not  common. 
The  tree  forms  a  roundish,  though  spreading  head.  It  bears  nearly  annually,  usually 
producing  abundant  crops.  The  fruit  is  medium  in  size  or  above;  yellow  imdercolor, 
well  streaked  with  red  when  ripe;  subacid;  good.  Its  market  period  varies  somewhat 
from  year  to  year  and  with  different  growers.  About  the  middle  to  the  last  of  July, 
however,  appears  to  be  an  average  date  for  marketing  in  the  New  Jersey  and  Chesa- 
peake peninsula  section,  but  the  fruit  can  be  cooked  satisfactorily  before  it  is  mature. 
It  ripens  quite  evenly;  the  entire  crop  can  frequently  be  gathered  in  two  pickings. 
It  keeps  well  after  it  is  picked,  having  a  tendency  to  shrivel  instead  of  decaying, 
especially  if  picked  before  fully  ripe.  Its  use  is  for  culinary  purposes  rather  than  for 
dessert. 

This  is  proving  one  of  the  most  satisfactory  varieties  among  the  earlier  sorts  for 
growing  near  the  coast  at  southern  points.  It  would  apparently  be  a  ])rofitabIc  sort  to 
grow  more  extensively  in  this  region  than  is  being  done  at  present. 

In  this  connection  attention  should  be  directed  to  the  fact  that  there  arc  several 
Russian  varieties  of  the  Oldenburg  type  which  are  very  similar  to  that  variety  both 
in  appearance  and  in  season  of  ripening.  Due  care  should  be  taken  not  to  confuse 
any  of  these  sorts  with  Oldenburg. 

Orange  Pippin  (New  Jersey). 

This  is  a  very  old  variety  of  unknown  origin.  The  earliest  records  trace  it  to  Genesee, 
N.  Y.,  though  it  is  not  assumed  that  this  was  the  place  where  it  originated.  It  is 
commonly  supposed  to  have  come  in  the  first  place  from  New  Jersey,  where  it  is  now 
cultivated  to  a  limited  extent  in  some  of  the  older  orchards.  It  evidently  is  rarely 
foimd  elsewhere  in  any  of  the  other  fruit-growing  sections  of  the  country. 

The  tree  is  thrifty  and  long  lived.  The  fruit  is  medium  to  lai^;  yellow;  subacid; 
and  good  to  very  good.  It  reaches  maturity  from  the  first  to  the  middle  of  August, 
though  as  with  so  many  of  the  early  sorts  it  is  frequently  shipped  at  an  earlier  period, 
before  it  is  fully  ripe.  It  is  said  to  hold  well  in  cold  storage  for  a  short  period,  but  it 
has  not  often  been  handled  in  this  way. 

There  is  a  French  variety  by  this  name,  but  it  is  a  later  apple. 

Parry  White.    Synonym:  White  Wax. 

The  origin  of  this  variety  is  uncertain,  but  it  probably  came  either  from  Pennsyl- 
vania or  New  Jersey. 

So  far  as  observed,  it  is  grown  commercially  only  in  the  New  Jersey  section  of  this 
region,  and  even  here  it  is  not  an  important  sort.  While  the  trees  tend  to  bear  annual 
crops  under  the  best  care  and  very  heavy  crops  on  alternate  years  under  ordinary 
culture,  the  fruit  is  too  small  to  be  profitable,  especially  as  it  possesses  no  characteris- 
tics which  make  it  particularly  desirable  in  any  way.  It  is  a  small,  rather  sprightly 
subacid  apple  with  a  white  skin,  beginning  to  ripen  the  latter  part  of  July  in  New 
Jersey,  but  extending  over  a  relatively  long  season. 

Porter. 

Porter  Ls  a  New  England  apple  which  originated  on  the  groirnds  of  Rev.  Samuel 
Porter,  Sherbom,  Mass.,  about  1798.  It  is  found  in  many  sections  of  the  North  in  the 
older  orchards.  In  this  region  it  is  quite  common  in  the  New  Jersey  section,  but 
pra<!tically  unknown  to  growers  in  other  sections.  The  tree  16  long  lived  and  not 
possessed  of  any  serious  faults. 
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Tbe  iroit  is  medium  to  lazge;  oblong  conic;  yellow,  in  some  cases  having  consid- 
eable  blush  on  the  side  exposed  to  the  sun;  very  good  to  best  quality.  Its  season  is 
ibout  August  1  to  15. 

It  bean  fairly  well  in  New  Jersey,  though  not  as  r^:ularly  as  many  other  sorts.  The 
fruit  does  not  '*take''  well  on  the  market,  even  though  of  good  size  and  attractive 
ippearance.  It  is  therefore  not  a  profitable  apple  to  grow.  It  is  a  variety  primarily 
for  home  use,  either  for  dessert  or  culinary  purposes. 

Fdmftte. 

Until  quite  recently  the  origin  of  this  variety  was  obscure,  but  investigations  made 
witliin  the  past  few  years  have  apparently  been  successful  in  tracing  it  to  its  original 
aooice.    In  this  connection  the  following  quotation  is  of  interest: 

^'Tlie  first  tablet  in  New  York  State  in  memory  of  any  apple  was  erected  in  the 
town  of  Camillus,  Onondaga  County,  on  the  original  site  of  the  Primate  apple  tree. 
J(^  T.  Roberts,  Syracuse,  N.  Y.,  on  the  11th  of  September,  1903,  caused  a  bronze 
tablet  to  be  erected  there.    On  this  tablet  is  the  following  inscription: 

On  this  &mai  Calvin  D.  Bingham,  about  1840,  produced  the  marvelous 

Pbimate  Apple. 

Named  by  Charles  P.  Cowles, 

Grod's  earth  is  full  of  love  to  man. 

"The  ceremony  called  together  a  eoodly  niunber  of  people.  It  was  a  beautiful 
thing  thus  to  commemorate  an  apple  uiat  is  famous  throughout  New  York  State. "<^ 

This  variety  is  quite  common  through  the  North  and  East,  though  not  grown 
extensively.  So  far  as  observed,  it  is  confined  to  the  New  Jersey  section  of  this  region. 
It  tt,  however,  in  only  a  small  number  of  orchards.  Here  the  tree  is  not  a  strong 
glower,  being  considered  somewhat  tender  and  rather  short  lived.  It  is  only  moder- 
ately productive. 

The  fruit  is  medium  in  size  or  above;  greenish  white  with  slight  blu^x  on  exposed 
ade;  subacid;  and  good  to  very  good  in  dessert  quality.  Its  season  is  about  the 
middle  of  July,  but  it  frequently  extends  considerably  later  as  the  fruit  does  not 
mature  uniformly.  The  fruit  is  tender  fleshed,  hence  not  considered  a  good  sort  for 
ahipping  to  distant  markets,  though  good  prices  are  reported  when  it  is  well  handled. 
Ite  higji  dessert  quality  recommends  it,  however,  for  home  use. 

Bandolph.     Synonym:  Unknown, 

Though  the  exact  origin  of  this  variety  is  not  known,  a  single  tree,  or  at  most,  two 
trees  of  it,  standing  on  a  farm  in  Newcastle  County,  Del.,  were  the  first  to  receive* 
lecognition.    This  occurred  in  1869.    What  was  the  soiurce  of  this  tree  or  trees,  if 
there  were  more  than  one,  has  never  been  determined. & 

The  variety  has  been  distributed  in  a  limited  way  in  the  middle  latitudes  in  the 
£a0t  and  Middle  West,  but  is  not  grown  extensively.  In  this  region,  so  far  as  observed, 
it  is  confined  to  orchards  in  Kent  Coimty,  Del.  But  here  it  is  not  considered  an 
important  variety  at  the  present  time. 

The  tree  is  a  vigorous  grower,  but  in  most  orchards  where  it  has  been  observed  it 
ii  inclined  to  be  less  prolific  than  is  desirable,  and  the  foliage  is  often  injured  by  some 
of  the  leaf-blight  fungi.  The  fruit  is  small  to  medium  in  size;  white,  washed  with 
crimson  and  striped  with  darker  crimson;  firm  texture;  mild  subacid  flavor,  but  not 
<tf  hi^  quality.  Its  season  begins  about  the  middle  of  July,  continuing  for  about 
two  weeks. 

'PlQceedings  of  the  Fifty-third  Annual  Meeting  of  the  Western  New  York  Horti* 
cuhond  Society,  1908,  p.  151. 

^  For  further  historical  information  and  detailed  description  of  this  fruit,  see  Year- 
Me  for  1902,  U.  8.  Dept.  of  Agriculture,  p.  472. 
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While  the  Randolph  apple  possesses  some  good  qualities,  particularly  fimmesB  of 
texture  and  attractiveness  of  appearance,  and  ripens  at  a  fairly  good  time,  yet,  oo 
account  of  its  small  size  and  light,  irregulAr  bearing  proclivities,  it  is  not  considered 
of  special  value  by  most  of  the  growers  in  this  section.  The  fact  that  it  ripens  prac- 
tically with  Williams,  which  is  a  finer  ana  larger  apple,  has  also  had  an  influence  in 
the  matter,  the  latter  being  considered  superior  in  essential  particulars.  In  certain 
sections  of  the  country,  where  it  is  being  grown  in  a  limited  way,  greater  value  is 
attached  to  it  than  by  the  growers  in  Delaware. 

Bed  Astrachan. 

Though  this  variety  is  of  Russian  origin,  doubtiess  from  the  province  of  Astrachan, 
it  evidentiy  first  reached  this  country  through  England,  being  introduced  by  the 
Massachusetts  Horticultural  Society  in  1834  .<>  It  was  also  introduced  direct  from 
Russia  in  the  large  collection  of  varieties  imported  in  1871  by  this  Department. 

This  variety  is  generally  distributed  throughout  the  North,  and  is  also  one  of  the 
most  important  early  varieties  in  this  region.  It  is  grown  more  at  southern  points  in 
the  region  than  most  other  early  varieties.  It  is  reported  as  doing  fairly  well  in  dose 
proximity  to  the  salt  water  at  points  along  the  Virginia  coast,  as  well  as  at  other  places 
farther  south. 

The  fruit  is  medium  to  large;  under  color  greenish  yellow,  almost  entirely  covered 
with  deep  crimson,  in  some  cases  showing  more  or  less  striping;  flavor  a  sprightly 
acid,  too  sour  to  be  pleasant  for  dessert  purposes,  but  excellent  for  cooking.  In  season 
it  is  essentially  a  July  apple  in  the  central  and  northern  sections  of  this  region.  The 
characteristics  of  the  tree  are  shown  in  Plate  IV,  figure  2.  It  is  a  strong  grower,  with 
heavy  dark  foliage.  It  is  late  in  coming  into  bearing,  seldom  producing  much  fruit 
before  it  is  8  to  10  years  old.  Heavy  crops  are  generally  borne  every  other  year, 
with  light  ones  on  the  "off"  year. 

In  the  New  Jersey  section  but  few  are  marketed  before  the  10th  to  the  15th  of  July. 
In  the  North'Carolina  section  its  season  begins  by  the  middle  of  June.    As  the  fruit 
matures  unevenly,  the  ripening  period  extends  over  a  space  of  two  or  three  weeks. ' 
It  should  be  picked  as  soon  as  the  fruit  is  fully  ripe,  or  slightly  before,  else  it  soon 
becomes  mealy  and  often  cracks. 

The  fruit  is  borne  largely  in  clusters,  the  individual  specimens  of  which  ripen 
irregularly,  one  at  a  time.  It  is  difiicult  to  gather  the  ripe  apples  without  at  the 
same  time  removing  large  quantities  of  fniit  which  have  not  reached  a  desirable 
stage  of  maturity.  When  the  filiit  is  shipped  as  soon  as  it  reaches  a  desirable  size,  as 
is  frequently  done,  without  special  regard  to  color,  the  proportion  of  poorly  colored 
specimens  in  a  picking  is  of  little  or  no  consequence;  but  when  highly  colored  fruit 
is  desired,  this  characteristic  is  objectionable  in  the  variety. 

The  fruit  is  somewhat  inclined  to  decay  in  some  orchards  before  it  is  ready  fior 
market,  but  this  is  not  a  general  experience  in  this  region  under  good  cultural  methods. 
There  are  apt  to  be  a  good  many  small  and  otherwise  unmarketable  apples,  so  that  in 
close  grading  there  is  a  heavy  percentage  of  low-grade  fruit  and  culls. 

While  this  variety  has  some  rather  serious  faults  in  this  region,  it  also  has  many 
points  of  merit,  and  there  appears  to  be  no  other  red  sort  to  substitute  for  it,  especially 
in  point  of  season. 

Bed  June.  Synonyms:  Carolina  Red  June,  Carolina  Red,  North  Carolina  Red  June, 
The  place  of  origin  of  this  variety  is  in  doubt,  but' it  is  generally  assumed  to  be 
North  Carolina.  It  has  long  been  in  cultivation  and  has  become  very  widely  dis- 
seminated, especially  in  middle  latitudes  and  the  South.  In  this  region  it  is  quite 
common  in  the  Chesapeake  peninsula  and  Vii^nia  sections,  and  in  the  North  Caro- 
lina section  it  is  perhaps  grown  in  more  orchards  than  any  other  early  sort. 


o  See  the  quotation  under  Alexander  for  further  historical  information. 
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Tbe  tree  is  of  hidy  vigarouB,  upright  growth  and  generally  productive.  The  fruit 
iianill  to  medium  in  size;  oval,  somewhat  irregular ,  inclined  to  be  conic;  when  fully 
colored  nearly  the  entire  surface  is  deep  red,  with  a  light  bloom;  tender,  juicy,  with 
brisk  subacid  flavor;  quality  good  to  very  good.  Its  season  of  maturity  usually  b^;ins 
from  June  10  to  15  in  the  North  Oarolina  section;  in  Delaware  it  averages  about  three 
weeks  later,  continuing  for  about  two  weeks. 

Under  good  cultural  conditions  it  bears  more  or  less  annually,  with  a  good  propor- 
tion of  fairly  heavy  crops.  It  probably  does  not  withstand  neglect  as  well  as  some 
wieties  do,  but  it  responds  readily  to  good  culture.  The  foliage  is  somewhat  subject 
to  Mffie  of  the  leaf-spot  fungi.  Apple  scab  is  frequently  serious  on  the  fruit  if  not  well 
ipnyed,  but  with  proper  attention  to  these  details  excellent  fruit  of  the  variety  is 
grown.  There  are  some  indications  that  rather  finer  fruit  is  produced  on  the  heavier 
0oil  in  this  region  than  on  the  very  light  sandy  tyx>es. 

The  small  size  of  the  fruit  is  the  most  serious  defect  as  a  commercial  variety.  Some 
aeisoDs,  however,  it  is  profitable  as  a  market  sort  and  is  always  desirable  as  a  dessert 
apple  for  home  use. 

In  some  sections  of  this  region,  especially  in  North  Carolina  where  this  sort  has 
been  widely  grown  for  many  years,  there  is  a  considerable  number  of  varieties,  mostly 
unnamed  and  of  local  distribution,  that  very  closely  resemble  Red  June  in  appearance 
and  in  other  ways.  They  may  be  seedlings  of  this  variety,  though  as  a  rule  little  or 
nothing  is  known  of  their  origin.  The  most  of  them  ripen  about  with  Red  June  and 
are  omjlar  to  it  in  size,  color,  and  flavor.  Others  are  laiger  in  size,  some  are  distinctly 
mote  add,  while  still  others  are  sweet  in  flavor. 

Boadsiown.    Synonym:  RoadMtowtk  Pippin, 

This  is  a  local  variety  which  originated  in  southern  New  Jersey  near  a  place  by  the 
name  oi  Roadstown,  and,  so  far  as  observed,  its  cultivation  has  not  extended  much 
beyond  the  region  of  its  origin. 

Ihe  tree  is  a  strong  upright  grower.  It  produces  very  heavy  crops  and  tends  to  bear 
annually.  The  fruit  is  laige;  greenish  yellow,  frequently  bronzed  on  the  exposed  side; 
nbacid;  rather  oblate  in  shape;  good  dessert  quality,  and  especially  fine  for  cooking. 
It  does  not  reach  ful)  maturity  until  about  September  1,  but  it  is  a  large  apple  and  de- 
Tekps  to  a  good  size  for  culinary  purposes  relatively  early  in  the  season,  so  that  ship- 
ping begins  by  the  latter  part  of  July.  In  this  respect  it  is  similar  to  English  Codlin, 
and  like  this  variety  it  usually  meets  with  a  ready  sale  in  the  Boston  markets  at  more 
Ktisbctory  prices  than  most  other  varieties  with  which  it  comes  into  competition. 
In  this  section  of  New  Jersey ,  where  the  soil  is  heavier  than  in  most  places  in  this  region, 
the  fruit  apparently  possesses  much  merit  as  a  commercial  sort.  It  id  suggested  for 
careful  testing  in  other  sections. 


This  variety  originated  near  Sergeantsville,  N.J.  It  was  introduced  about  twenty 
yean  ago,  but  it  has  not  been  much  disseminated.  It  is  growing  in  a  very  small  num- 
ber of  orchards  in  the  Chesapeake  peninsula  and  New  Jersey  sections  of  this  region. 

Hie  tree  is  a  strong  grower  in  the  nursery,  but  of  moderate  growth  as  it  becomes  older. 
It  is  prolific  when  full  bearing  age  is  reached.  The  fruit  is  small  to  medium;  prettily 
wiihed  with  red  and  striped  with  bright  crimson;  subacid;  good  to  very  good.  It 
npens  from  the  last  of  July  to  the  middle  of  August  in  the  central  part  of  the  Chesa- 
peake peninsula.  The  small  size  of  the  fruit  renders  it  undesirable  for  market,  but  it 
is  ooosidered  valuable  for  home  use  by  some  growers. 

ftnokehoiise.  Synonyms:  Gibson* »  Vandevere^  MiU  Creek  Vandevere,  Red  Vomdevere. 
This  is  a  very  old  variety  which  apparently  originated  during  the  latter  part  of  the 
e^teentfa  century  on  the  farm  of  Mr.  William  Gibson  near  Lampeter,  Lancaster 
County,  Pa.  It  was  called  Smokehouse  because  the  tree  stood  near  the  building  used 
for  wnokhig  meats.  It  is  widely  known  in  the  middle  latitudes  south  of  and  including 
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Pennsylvania  and  east  of  the  Mississippi  River,  though  not  grown  in  large  quantities. 
Occasionally  it  in  grown  farther  west,  but  not  commonly.  In  this  r^on  it  is  more  of 
a  fall  apple  than  a  summer  variety,  although  at  southern  points  it  should  be  grouped 
with  the  early  sorts.  It  is  more  often  found  in  the  New  Jersey  section  than  ebewhere, 
but  it  holds  relatively  an  unimportant  place. 

The  tree  makes  a  laige,  spreading  top;  it  probably  does  not  come  into  bearing  quite 
as  early  as  many  varieties  do,  though  not  considered  particularly  late  in  reaching  bear- 
ing age.  The  fruit  is  medium  to  large;  greenish  yellow,  washed  and  mottled  with  red 
or  crimson,  sometimes  more  or  less  overspread  with  gray;  prominent  russet  dots;  sub- 
acid; good  to  very  good.  In  the  New  Jersey  section,  as  above  indicated,  it  is  a  fall 
apple,  ripening  about  the  middle  of  September,  and  it  may  be  kept  for  several  weeks 
or  even  months,  but  at  southern  points  it  reaches  maturity  the  first  of  September. 

For  a  large  portion  of  this  region  this  appears  to  be  a  good  general-purpoee  variety 
for  its  season.  The  trees  bear  well ;  it  is  a  good  market  variety  of  sufficiently  high  des- 
sert quality  to  have  a  place  in  home  orchards. 

Sops-of-Wine. 

This  is  an  old  European  sort  which  has  become  more  or  less  disseminated  in  this 
country,  but  it  has  never  been  extensively  grown.  It  is  seldom  included  in  recently 
planted  orchards.  1 1  is  rarely  grown  commercially  in  this  region,  but  an  occasional  tree 
of  it  is  found  in  a  few  orchards  in  the  central  and  northern  sections. 

The  tree  makes  a  good  growth  and  bears  at  an  early  age.  The  fruit  is  roundish, 
medium  size,  yellow,  shaded  and  splashed  with  deep  red,  frequently  becoming  so  com- 
pletely shaded  that  the  striping  is  obscured.  Flesh  is  rather  dry,  subacid,  and  pos- 
sesses a  peculiar  characteristic  flavor  which  is  exceedingly  pleasant  to  some,  but  less 
agreeable  to  others.  The  fruit  ripens  about  the  middle  of  July.  It  often  decays 
rather  badly  about  the  calyx  before  it  is  ripe,  and  drops  considerably.  Under 
neglected  conditions  the  fruit  is  very  irregular  in  size;  also  scabs  badly  if  not  sprayed. 
So  far  as  observed,  and  in  the  opinion  of  those  who  know  the  variety  in  this  regi<Mi, 
there  is  little  to  recommend  it  for  planting  here. 

Starr. 

The  best  available  records  indicate  that  this  variety  originated  near  Woodbury, 
Gloucester  County,  N.  J.,  on  the  grounds  of  Judge  John  Moore  White,  which  were  later 
owned  by  a  Mrs.  Starr.  A  son  of  Mrs.  Starr  is  said  to  have  been  in  the  legislature  about 
1865  with  the  late  William  Parry.  He  gave  Mr.  Parry  some  scions  of  this  variety,  who 
propagated  it  under  this  name.  The  Starr  has  remained  comparatively  unknown  in 
most  sections,  and  in  this  region  it  is  confined  almost  entirely  to  the  New  Jersey  section, 
where  it  is  grown  to  a  considerable  extent. 

The  tree  makes  a  strong  upright  growth;  bears  early  and  abundantly,  giving  nearly 
annual  crops  under  good  cultural  conditions.  (See  fig.  5.)  The  apple  is  laige; 
roundish  oblate;  greenish  white;  subacid;  good.  It  matures  somewhat  irregularly, 
but  it  is  essentially  a  July  aj^ple  in  season,  usually  beginning  to  ripen  by  the  10th  to 
the  15th  of  the  month  though  not  fully  ripe  until  about  the  first  of  August.  A  good 
size  is  reached  comj)arativeIy  early,  and  as  it  cooks  well  before  it  is  rif)e,  it  is  generally 
marketed  accordiii<?ly.  In  fact,  it  should  not  be  allowed  to  become  too  ripe  before 
picking  a.'^  it  soon  becomes  mealy.  Picking  may  thus  be  governed  in  a  measure  by 
market  conditions,  and  if  desirable  its  season  may  be  made  to  extend  over  a  consider- 
able period.  It  is  essentially  a  cooking  apple,  for  which  it  is  much  sought  after  by 
those  who  know  its  qualities  for  this  purpose. 

In  a  few  instances  the  trees  have  twig-blighted  badly,  but  this  is  not  a  usual  expe- 
rience.    The  fruit  shows  bruises  rather  badly,  which  necessitates  careful  handling. 

This  variety  i)()ssesses  qualities  which  would  appear  to  recommend  it  for  more  general 
planting  in  a  large  portion  of  this  regicm.     It  is  growing  in  importance. 
104 
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r  H&grlo«.  S>TionyDi:  Hagliir. 
Ttu!  L*'  Bi  very  ol<]  variely  suppneed  tii  be  of  Amprit'iui  «rit;iii.  ihouf^h  at  one  time  ap- 
parenlly  confused  with  an  English  cider  crab  apple  railed  "  lla^liie"  anil  altribuleil 
loan  English  or  European  origin.  Details  of  its  early  hi.''tory,  however,  arc  nbacure. 
It  b-  nnt  known  to  fruit  gmweis  generally,  but  ia  Ibis  region  il  is  of  I'otiHidprsbIc  im' 
portsDce  in  the  New  Jetwy  and  Delaware  section:',  thouRh  rarely  [■''own  in  any  of  the 
other  sections.  The  tree  is  a  clow  ^iwer;  the  terminals  arc  rather  thick  anil  blunt, 
thus  uuikinp;  a  tree  of  <|uile  <lislinc'tivc  appearance.  (See  fi|>.  6.)  Under  p'lA  condi- 
tU 'Of  of  culture,  veryheavy  crops  may  be  expected  in  ihrsoseiaions  on  altemme  years, 
and  usually  considerable  fruit  in  "oft  years."     It  usually  bear"  at  S  or  0  yi-arn  i>[  uko. 


The  fruil  is  medium  to  lar^;  nblale;  whitish  yellow,  lightly  stri]»-il  !iti<l  ^)ilii.-li<'il  wilh 
red  on  the  eKposed  side,  rarely  becoming;  nv.re  highly  cnlnreil;  lle-li  r.itlier  ii'ii'hT, 
juicy,  subacid;  quality  good;  valuable  for  cuokiiie  rjlher  Ibiin  for  .liwrrt  purjMB^'s. 
In  the  sections  above  mentioneil  ripening  begins  from  the  l-ilh  tn  Ibc  L'-Mli  i>[  July  and 
continues  about  two  weeks.     The  fruit  is  not  generally  niarketi-d  uiilil  it  is  ni-urly 

In  most  of  the  commercial  ori'hardsin  these  wciions  where  tliis  variely  \h  t;r(Hiii  il 
is  considered  an  important  and  a  profitable  sort  to  frriiw,  selliiii;  viell  i[i  llit:  iiuirkets. 
An  occasional  exception  to  this  experience  ociur.i,  however,  even  in  orchards  thut 
have  received  unusual  altentiun,  the  variety  bi'i[i<;  uti]irodticlive  and  iiiiKalisfactury 
in  nearly  every  essential  particular.    No  explanation  of  such  failures  is  a]i])arent. 
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The  tree  is  Dnticeablj'  eusceptifale  to  seriouB  injury  from  the  San  Joae  scale,  ano 
when  most  other  varieties  are  damaged  but  Hllgfatly. 
Sumjnor  yifig. 

The  place  of  origin  of  this  variety  is  in  doubt,  but  it  ia  genetaJly  supposed  to  b« 
North  Carolina.  It  is  not  grown  in  any  section  exlenaively  and  is  companttivdy 
unknown.  This  applies  also  to  this  region,  as  it  has  been  located  in  only  two  oi 
three  orchards. 

The  tree  is  upright  in  growth,  \igoroUH,  and  fairly  productive.  The  fruit  ia  medium 
to  large;  yellowish  green,  striped  with  crimson  and  red;  mild  subacidi  very  good  in 
dessert  quality.  The  season  of  ripening  ia  comparatively  long,  extending  tbroi^ 
August  in  the  Chesapeake  peninsula  section  or  even  longer  in  some  nueo.    In  the 


Fio.fi.    A  Suniin»rIla«16oapplB  treoinNewJar»ey,«ye«raold. 

Korlh  Canilina  fectioii  the  fruit  is  ripe  about  the  middle  of  July.  It  is  highly  no 
iimmended  by  fnme  for  this  region,  eBj>ccially  in  the  central  and  northern  sectioiM 
for  di'.iNert  and  also  [iir  nrnrkot.  The  fruit  reaches  a  good  size  early,  so  that  it  r^ulf 
be  HhiiijHHi  over  a  long  soajfon,  as  is  Stan,  Wealthy,  and  some  others.  It  is  not  iride^ 
enough  tested,  howeviT.  to  warrant  making  heavy  plantings  of  it. 
Bummer  Itose.     Synonyms:  LippineoU,  Woolman'M  Harrat. 

This  variety  originated  in  New  Jersey.  It  is  an  old  variety,  being  referred  U>  h 
the  earliest  American  literature  {llomestic  Encyclopedia,  1804)  relating  to  piomologd 
Though  quite  widely  jrrowii  in  this  region  it  is  not  produced  in  large  qu«ntiti«i 


The  tree  is  a  good  grower,  somewhat  spreading,  productive,  bearing  nearly  auni 
('ni|ut.    The  fruit  ih  small;  roundish  oblate;  whitish,  striped  and  blotched  witli 
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tender,  juicy,  sprightly  subacid;  quality  is  excellent  as  a  dessert  fruit.  Not  only 
the  fledk,  but  the  skin  abo,  is  so  tender  that  bruising  results  from  any  other  than  the 
most  careful  handling.  The  small  size  of  the  fruit  also  further  renders  it  of  little  value 
{or  commercial  purposes,  but  its  high  dessert  quality  recommends  it  for  home  use. 
It  is  in  the  height  of  its  season  about  the  middle  of  July  or  a  little  later  at  central 
points  in  this  region. 

TetofBkL    Synonym:  Tetoftiky, 

This  is  another  one  of  the  Russian  introductions  which  was  brought  to  this  country 
through  England.  Further  historical  details  appear  in  a  quotation  under  Alexander. 
The  diflsemination  of  this  variety  has  been  quite  extensive,  though  it  is  not  grown 
in  ki^e  quantities  in  any  section.  It  is  in  a  few  quite  widely  separated  orchards  in 
the  CiMttpeake  peninsula  and  New  Jersey  sections  of  this  r^on  but  it  is  of  quite 
aecondary  importance. 

The  tree  is  a  very  upright  fairly  strong  grower  and  a  prolific  bearer.  The  fruit  is 
medium  in  size;  roundish,  oblate  conic;  juicy,  sprightly  acid;  of  good  quality.  It 
is  more  desirable  for  market  and  for  cooking  than  as  a  dessert  apple.  Its  season  in 
the  central  port  of  the  Chesapeake  peninsula  begins  usually  from  July  10  to  15,  with 
anther  shcH't  period  of  duration. 

Several  growers  variously  located  in  the  Chesapeake  peninsula  and  New  Jersey 
(QOflder  this  a  fairly  good  variety  for  its  season,  though  perhaps  not  of  sufficient 
nine  to  take  the  place  of  other  better-known  varieties  of  the  same  season  of  ripening. 

The  tree  is  especially  hardy  and  is  probably  rather  better  adapted  to  sections  far- 
ther north  than  it  is  to  this  region. 

Aaler.    Synonym:  CharloUenthaler,  Government  List  No.  342. 

This  is  one  of  a  large  number  of  varieties  introduced  from  Russia  in  1870  by  the 

States  Department  of  Agriculture.    It  has  never  become  widely  known,  at 

imder  its  correct  name  or  either  of  its  synonyms.    So  far  as  observed  it  is 

in  this  region  to  a  single  orchard  which  is  located  in  Caroline  County,  Md. 

present  connection  the  chief  point  of  interest  is  the  similarity  of  the  fruit 

Transparent,  which  is  one  of  the  most  important  commercial  varieties 

Ais  r^on.     It  is  also  very  similar  to  Grand  Sultan,  previously  mentioned. 

this  variety  with  the  Yellow  Transparent,  the  fruit  of  the  two  sorts  is 

identical  so  far  as  any  constant  distinguishable  characters  of  individual 

concerned.    Thaler  is  claimed  by  some  to  be  a  very  few  days  later  in 

balk  of  its  crop,  though  this  is  open  to  question.    The  owner  of  the  one 

Caroline  County,  Md.,  in  which  these  two  varieties,  also  Grand  Sultan, 

;  after  a  considerable  number  of  years  of  close  observation,  is  convinced 

ftey  grow  in  his  orchard,  these  two — Thaler  and  Yellow  Transparent — are 

ble  from  each  other  in  season,  productiveness,  or  fruit  characteristics, 

l>t  that  there  is  a  marked  difference  between  the  trees,  Thaler  being  a  more  \'ig- 

grower,  which  is  readily  noticeable  even  in  the  nursery,  and  being  much  less 

to  twig-blight  than  Yellow  Transparent. 

h  aome  sections  of  the  country  the  Thaler  tree  is  reported  to  be  less  vigorous  and 

ve  than  the  Yellow  Transparent.    The'  limited  range  of  observation  in  this 

does  not  warrant  definite  conclusions  regarding  the  relative  merits  of  these 

nrieties  for  this  region,  but  a  thorough  test  of  Thaler  in  the  different  sections 

dearable. 

^hisiaa  very  old  variety,  the  origin  of  which  traces  to  Bucks  County,  Pa.,  where 
vii  discovered  by  Mr.  Stephen  Townsend  nearly  a  century  and  a  half  ago  in  an 
llidian  clearing.  While  grown  more  or  less  in  various  sections  in  the  older  orchards, 
■  Qaknown  to  most  fruit  growers.  It  has  been  observed  in  but  a  single  orchard 
LlUi region,  located  in  west-central  New  Jersey. 
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The  tree  is  a  \dgorou8,  spreading  grower,  fairly  productive,  but  the  crops  are  mostly 
alternate.  The  fruit  is  medium  size  or  above;  oblate  conic;  pale  yellow,  striped  with 
red;  subacid;  good  to  very  good  in  quality.  The  fruit  usually  is  well  colored  by  the 
last  of  July  or  the  first  of  August  in  this  section  and  drops  as  soon  as  colored.  The 
ripening  period  lasts  for  a  month  or  six  weeks.  By  those  who  know  the  >^ariety  the 
fruit  is  esteemed  for  home  use  on  account  of  its  high  dessert  quality,  but  it  ripeiu 
too  irregularly  to  make  it  a  desirable  market  sort. 

Trenton  Barly. 

The  early  history  of  this  apple  is  obsciu^;  it  is  known,  however,  to  have  been  in 
cultivation  for  a  long  time.  It  was  listed  by  Heikes  &  Wliarton,  a  Pennsylvania 
nursery  firm,  in  their  catalogue  for  1823.  It  is  quite  widely  disseminated,  but,  as  is 
the  case  with  so  many  varieties,  it  is  in  comparatively  few  orchards.  It  would  seem 
probable  that  it  is  in  some  of  the  older  orchards  in  the  New  Jersey  section  of  this 
region,  though  in  the  course  of  these  investigations  no  trees  of  it  have  been  found  in 
this  section.  One  or  two  orchards  in  the  Chesapeake  peninsula  section  contain  it, 
but  it  is  not  common. 

The  fruit  is  large;  conical;  greenish  yellow,  sometimes  with  bronzed  blush;  pleas- 
ant subacid;  good  to  very  good.  Its  season  in  the  sections  named  would  probably 
begin  the  last  of  July  or  early  in  August. 

Wealthy. 

The  exact  date  of  origin  of  this  variety  is  uncertain,  but  it  was  about  the  year  1861. 
The  fruit  was  first  described  in  1869.  The  original  tree  is  stated  to  have  been  grown 
from  a  collection  of  crab-apple  seed  which  Mr.  Peter  M.  Gideon,  of  Excelsior,  Minn., 
obtained  from  Bangor,  Me.  There  is  very  little  about  the  variety,  however,  either 
in  tree  or  fruit  to  suggest  that  it  is  of  crab  parentage.  On  the  other  hand,  it  is  said 
that  some  of  its  seedlings  show  crab  characteristics.  This  would  appear  to  give  some 
support  to  the  claim  regarding  its  parentage. 

It  is  one  of  the  most  important  late  fall  and  early  winter  varieties  in  the  upper 
Mississippi  Valley,  where  cold  endurance  of  the  tree  is  of  paramount  impartwce. 
In  recent  years  it  has  become  quite  widely  disseminated.  It  has  been  planted  ccBi* 
siderably  in  the  New  Jersey  section,  though  rarely  elsewhere  in  this  r^on.  It  Is 
becoming  an  important  variety  here  to  supplement  the  earliest  ripening  sorts. 

The  tree  grows  well,  with  rather  long  slender  branches  when  young.  The  fdft- 
age  is  sometimes  rather  small  and  weak,  though  apparently  not  especially  subject 
to  fungous  (H.^icascs.  The  fruit  is  medium  to  large;  roundish  oblate;  yellowish  white 
under  color,  heavily  striped  and  splashed  with  red  when  well  colored;  flesh  tender, 
juicy,  subacid;  quality  very  gix)d;  desirable  either  for  cooking  or  dessert.  In  the 
New  Jersey  section  it  is  fully  ripe  from  the  latter  part  of  August  t-o  the  first  of  Septembtf, 
but  the  variety  usually  boars  heavily  and  the  fruit  develops  to  a  sufficiently  lai^ge  sixe 
for  culinary  purposes  relatively  early.  Hence  marketing  of  the  green  fruit  begins 
frequently'the  last  of  July  or  the  first  of  August,  the  picking  being  so  done  as  to*thin 
the  fruit  on  the  overloaded  troo^.  By  such  methods  the  green  fruit  is  made  a  source  of 
some  revenue,  and  that  which  is  allowed  to  remain  until  later  is  improved  as  a  residt 
of  the  thinninj^:.  In  this  way  the  fruit  may  be  handled  throughout  the  month  of 
August.  The  variety  is  gonerally  regarded  by  those  who  have  it  in  the  New  Jersey 
section  as  a  very  desirable  and  profitable  sort  to  grow. 

Williams.  Synonyms:  Williams  Early ^  Williams  Hed,  Williams  Early  Red,  Williams 
Favorite. 
This  variety  has  been  in  cultivation  since  about  the  middle  or  latter  part  of  the 
eighteenth  century.  It  ori<?inated  at  Roxbur>',  Mass.,  and  was  first  exhibited  in  1830 
at  a  meeting  of  the  Mas^^achusetts  Horticultural  Society.  It  is  grown  considerably  in 
the  North  and  East  and  to  a  lesser  extent  in  some  other  sections.** 

fl For  further  historical  information  and  a  detailed  description  of  this  variety, 
the  Yearbook  of  the  United  States  Department  of  Agriculture  for  1908,  p.  476. 
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market  qualities  which  this  variety  possesses  it  is  very  satisfoctory  as  a  rule  and  more 
profitable  than  most  of  the  second  early  sorts.  It  is  one  of  the  comparatively  few 
varieties  that  are  grown  in  ^large  quantities.  An  occasional  adverse  rep(Mrt  is  heard 
relative  to  its  behavior  in  these  sections,  but  they  are  so  exceptional  that  they  do  not 
.  materially  affect  the  general  standing  of  the  variety. 

There  is  apparently  confusion  in  some  sections  of  this  r^ion  in  connection  with  this 
variety.  In  the  above-mentioned  sections  where  it  is  commercially  important  it  is 
perhaps  better  known  by  its  synon3nns  Williams  Early  or  Williams  E^ly  Red  than 
by  its  approved  name.  In  other  sections  it  is  commonly  called  by  another  synonym, 
Williams  Favorite.  Occasional  statements  are  made  in  this  region,  however,  that 
Williams  Early  Red  and  Williams  Favorite  are  distinct  varieties,  the  former  being  a 
Bcraggly,  poor  grower,  but  a  good  bearer;  the  latter,  a  strong,  vigorous  upright  tree,  but 
a  shy  bearer  and  not  commonly  grown. 

Since  the  apple  known  to  the  growers  of  this  region  as  Williams  Early  or  Williams 
Early  Red  is  undoubtedly  Williams,  as  above  described,  considerable  effort  has  been 
made  to  determine  the  identity  of  the  variety  known  in  this  region  as  Williams  Favor- 
ite. Though  the  latter  variety  is  commonly  spoken  of,  few  growers  are  actually 
familiar  with  it,  and  it  has  been  difficult  to  locate  bearing  trees.  It  appears  probable, 
however,  that  the  Williams  Favorite  of  some,  at  least,  is  the  Sops-of-Wine,  as  it  has 
recently  been  determined  that  the  latter  variety  has  been  disseminated  somewhat 
under  the  name  Williams  Favorite,  which  name  has  been  erroneously  used  as  a 
synonym  of  that  variety.  Some  young  trees  planted  for  Williams  Favorite  (of  this 
region)  and  which  correspond  in  tree  characters  to  this  variety,  as  above  described, 
have  been  identified  as  Sops-of-Wine.  While  this  still  leaves  the  matter  open  to  some 
doubt,  it  at  least  is  a  partial  clearing  up  of  the  confusion.  There  may  be  still  other 
varieties  not  yet  examined  in  this  connection  which  are  being  grown  under  the  name 
Williams  Favorite. 

Yellow  Transparent.    Synonym:  Government  List  No.  SS4. 

As  the  synonym  o(  this  variety  implies,  this  is  one  of  the  importations  from  Russia 
made  by  the  United  States  Department  of  Agriculture  in  1870.  It  has  been  widely 
disseminated,  being  now  grown  in  many  parts  of  the  country.  It  possesses  an  unusu- 
ally wide  range  of  adaptability,  as  is  evident  from  the  high  degree  of  success  with 
which  it  is  grown  in  many  sections. 

In  this  region  it  is  one  of  the  most  important  early  varieties.  It  is -more  extensively 
grown  in  Delaware  than  in  any  other  section,  but  it  is  being  planted  throughout  the 
region. 

Under  high  culture  the  tree  makes  a  fairly  strong  upright  growth  for  the  first  few 
years  (PI.  I),  but  in  many  orchards  the  growth  is  rather  short  and  stubby.  This  gives 
the  tree  a  somewhat  stunted  appearance.  Closer  planting  is  possible  than  with  most 
varieties  on  account  of  the  small  size  of  the  tree.  Frequently  a  few  apples  are  borne 
the  first  year  after  the  trees  are  planted,  and  often  when  2  and  3  years  old  considerable 
fruit  will  set.  Full  bearing  is  reached  at  an  early  age.  Nearly  annual  and  fairly 
abundant  crops  may  be  expected  in  this  region  under  good  cultural  conditions. 

The  tree  sometimes  twig-blights  rather  badly,  though  in  some  orchards  it  seldom 
appears.  It  is  considered  short  lived,  but  because  of  its  early-bearing  proclivitieB 
and  abundant  crops,  longevity  is  not  so  important  a  matter  as  with  some  other  varieties. 
The  fruit  is  above  medium  size;  roundish  conic;  beautiful,  clear  yellowish  white,  the 
skin  having  a  waxy  appearance;  subacid;  good  to  very  good. 

In  the  Chesapeake  peninsula  section  shipments  frequently  are  made  the  latter  part 
of  June,  often  as  early  as  the  20th  to  the  25th  of  the  month.  But  at  this  time  the  fruit  is 
rather  immature  and  small.  By  the  first  week  in  July  it  is  usually  in  prime  condition 
for  shipping  from  this  section,  and  by  the  10th  to  the  15th  of  July  it  is  generally  all 
marketed.  Some  growers,  however,  ship  the  fruit  in  a  more  immature  condition  than 
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o&ei8,  and  this  makes  the  shipping  dates  of  one  orchard  differ  accordingly  from  those 
of  another  in  the  same  locality.  In  the  New  Jersey  section  the  tendency  is  to  let  the 
fruit  reach  a  somewhat  more  mature  condition  than  is  customary  in  the  Chesapeake 
peninsula  section,  hence  shipping  dates  are  relatively  later  in  the  former  section.  In 
the  Virginia  and  North  Carolina  sections  the  season  hegins  from  the  10th  to  the  20th  of 
Jane.  Ripening  is  quite  uniform,  so  that  the  entire  crop  can  usually  be  harvested  in 
two  pickings.  If  conditions  are  favorable  for  growth  after  the  first  picking  is  made,  the 
fruit  which  is  allowed  to  remain  on  the  trees  will  develop  rapidly  in  size  so  that 
{he second  picking  usually  comprises  the  best  grade  of  fruit  produced.  Formerly  the 
YeUow  Transparent  was  considered  too  tender  for  a  market  variety,  but  experience  has 
demonstrated  that  with  reasonable  care  in  handling,  especially  if  the  fruit  is  picked 
vhile  it  is  stUl  firm,  fairly  long-distance  shipments  can  be  safely  made  if  the  packing  is 
well  done.  In  some  of  the  experimental  export  shipments  made  by  the  Bureau  of 
Plant  Industry  this  variety  carried  in  good  condition,  in  cold  storage,  to  the  English 
mirkets. 

As  mentioned  under  Thaler,  the  fruit  of  Yellow  Transparent  ver>'  closely  resembles 
that  variety.  Thaler  possibly  being  a  few  days  later,  and  the  tree  rather  more  vigorous 
than  Yellow  Transparent. 

PROMISING   VARIETIES   FOR   TRIAL. 

There  are  a  number  of  varieties  of  summer  apples  of  considerable 
prominence  in  other  sections  that,  so  far  as  observed,  are  not  being 
grown  in  this  region  but  which  would  doubtless  be  of  value  both  com- 
mercially and  for  home  use.  Some  of  the  more  promising  of  these  are 
the  following: 

Coflman. 

This  variety  has  been  known  for  many  years  in  some  sections  of  Tennessee,  particu- 
Iviy  in  Lauderdale  County.  It  was  named  for  the  owner  of  the  farm  on  which  one  of 
the  first  trees  of  it  to  attract  attention  stood.  It  was  propagated  and  introduced  to  the 
tnde  in  1888.     It  is  not  widely  known  among  fruit  growers. ^ 

It  is  a  vigorous,  upright  grower  and  produces  regular  annual  crops.  The  fruit  is  of 
tbe  Red  June  type  and  it  may  be  a  seedling  of  that  variety;  medium  or  above  in  size; 
nondiah;  under  color  yellow,  washed  with  mixed  red  and  stripes  of  purplish  red, 
turning  to  almost  a  black-red  when  highly  colored;  subacid;  good  to  very  good.  It  is 
aid  to  ripen  about  with  Red  June. 

On  account  of  the  value  of  the  Red  June  apple  and  others  of  its  type  in  some  sections 
of  this  region,  and  the  similarity  of  Coffman  to  that  variety,  it  is  considered  worthy  of 
extended  trial  here. 

Eaily  Cooper.    Synonym:  Cooper* s  Early  White. 

There  is  much  uncertainty  in  regard  to  the  place  of  origin  of  this  variety.  By  some 
it  is  thought  to  have  come  from  Iowa,  but  the  evidence  is  not  conclusive.  It  is  grown 
to  a  considerable  extent  in  some  parts  of  the  Middle  West.  In  some  sections  of  Kansas 
uid  Oklahoma  it  is  very  successful. 

The  tree  is  an  exceptionally  fine  stocky  grower,  bears  early,  and  is  productive. 
The  fruit  is  medium  size;  round  or  roundish  oblate;  clear  greenish  yellow;  quality  good. 
It  19  considered  especially  desirable  for  cooking,  while  its  firm  texture  makes  it  a  satis- 
factory sort  for  shipping.  Probably  it  could  be  marketed  from  the  central  sections  of 
this  region  by  the  last  of  July. 

''For  further  historical  information  and  a  detailed  description  of  this  variety,  see 
the  Yearbook  of  the  United  States  Department  of  Agriculture  for  1909,  p.  377. 
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Suxnxner  Extra. 

This  variety  probably  originated  as  a  chance  seedling  near  Quincy,  Ky.  It  is  not 
known  generally  to  fruit  growers. 

The  tree  is  a  strong,  handsome  grower,  bears  early,  and  is  prolific  in  sections  where  it 
is  in  cultivation.  The  fruit  is  medium  to  large  in  size;  roundish;  yellow  with  blush  on 
exposed  side;  pleasant  subacid;  dessert  quality  good  to  very  good.  For  cooking  it  is 
said  to  be  especially  fine.  It  would  probably  ripen  at  central  points  in  this  region 
during  the  last  of  July  or  early  August. 

Suznxner  Rambo. 

The  origin  of  this  variety  is  uncertain,  though  it  is  commonly  supposed  to  have 
come  from  southeastern  Pennsylvania,  but  no  definite  information  appears  to  be 
obtainable. 

Several  other  varieties,  notably  Summer  Rambour,  or  Rambour  d'Ete,  an  old 
French  variety  that  was  formerly  grown  more  or  less  in  this  country,  Grosh,  and 
Western  Beauty  have  been  confused  with  this  one.  But  it  is  pretty  definitely  deter- 
mined that  these  are  all  distinct  varieties,  though  possessing  some  rather  strong  points 
of  similarity. 

Though  not  found  growing  in  this  region  in  the  present  connection,  the  Summer 
Rambo  is  often  sold  in  local  markets  from  orchards  in  the  Maryland  and  Virginia 
sections  of  the  adjacent  region. 

The  tree  is  a  strong  vigorous  grower  and  an  early  and  abundant  bearer.  The  fruit  is 
described  in  considerable  detail  as  follows:  Form  oblate;  size  large;  cavity  wide, 
large,  deep,  slope  gradual;  basin  regular,  medium,  slope  gradual;  surface  moderately 
smooth,  some  erupted  russet  dots;  color  yellow,  lightly  washed  with  pale  mixed  red,  a 
few  bright-crimson  splashes  and  broken  stripes;  dots  numerous,  russet,  many  erupted; 
skin  thick,  tenacious;  flesh  yellowish,  texture  fine  grained,  breaking,  juicy;  c(»e 
oblate,  clasping,  medium  to  small  in  size;  flavor  subacid,  rich;  quality  good  to  very 
good.  In  the  vicinity  of  Washington,  D.  C,  the  fruit  is  ripe  soon  after  the  middle  of 
August.  It  is  apparently  worthy  of  attention  in  the  Coastal  Plain  region  both  for 
commercial  purposes  and  for  home  use. 

WilBon  June. 

The  Wilson  June  variety,  as  nearly  as  its  history  can  be  traced,  came  from  a  nursery 
in  Washington  County,  Ark.,  that  was  abandoned  during  a  portion  of  the  civil  war 
period .  The  trees  were  subsequently  dug  and  planted  in  local  orchards.  The  origiDal 
tree  was  probably  one  that  was  obtained  from  this  source. 

The  fruit  is  distinctly  of  the  Red  June  type,  though  considerably  larger  than  that 
variety  and  sweet  in  flavor.  The  tree  is  thrifty  and  apparently  a  good  bearer.  For 
many  years  it  has  been  grown  locally  to  a  very  limited  extent,  but  during  the  past  few 
years  it  has  been  attracting  some  attention  and  has  been  propagated  more  extensively 
than  formerly. 

Though  the  range  of  its  adaptability  has  not  been  determined,  it  is  likely  that  where- 
ever  the  Red  June  can  be  grown  successfully  this  variety  may  prove  to  be  of  value 
when  a  sweet  apple  is  desired. 

OTHER   VARIETIES. 

In  the  course  of  these  investigations  a  considerable  number  ol 
other  varieties  than  those  mentioned  have  come  under  observation 
or  have  been  reported  by  growers  in  the  interviews  had  with  them 
by  the  writer.  For  various  reasons  it  is  not  practicable  to  discuss 
each  of  these  separately.  In  some  cases  the  varieties  are  practically 
imknown  in  the  region  and  apparently  are  not  well  adapted  to  the 
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^nditions  or  possess  such  characteristics  as  to  render  them  of  no 
ipparent  value  to  the  fruit  interests  of  this  region.  In  still  other 
eases  the  varieties  are  local  and  relatively  unimportant.  For  these 
ud  other  similar  reasons  it  has  seemed  best  to  confine  the  discussion 
largely  to  varieties  which  are  of  value  and  to  certain  other  varieties 
Uut  apparently  possess  little  or  no  merit  but  which  sooner  or  later 
^  likely  to  come  to  the  attention  of  fruit  growers  in  this  region 
ht  consideration.  A  few  other  sorts  not  now  in  cultivation  in  this 
^on  so  far  as  known  but  which  are  considered  promising  are  also 
pscttssed. 

I  In  this  connection  there  are  one  or  two  varieties,  or  possibly  more, 
pown  largely  in  a  local  way  in  the  North  Carolina  section  of  this 
^on  which  should  be  mentioned  here.  These  are  variously  known 
IB  ''Early  May,"  "White  May,"  ''June  Apple,''  etc.,  and  ripen  the 
list  part  of  May  or  early  in  June. 

It  is  possible  that  some  of  these  very  early  sorts  may  prove  to  be 
fcliite  Juneating,  an  old  English  variety  that  was  more  or  less  grown 
p  the  South  in  the  early  years  under  various  names. 

SUMHABY  OF  VABIETIES. 

I 

\  As  a  means  of  indicating  the  relative  importance  of  the  different 
^eties  referred  to  in  the  foregoing  pages  in  the  different  sections  of 
|Us  region  and  the  approximate  time  when  the  season  of  use  begins, 
following  table  has  been  prepared.  In  the  column  which  follows 
varietal  names  the  use  to  which  each  sort  is  adapted  is  indicated 
the  initial  letters  d,  Jcy  and  m,  either  singly  or  in  combination,  as  is 
uired.  Varieties  of  special  value  for  eating  in  a  fresh  state  are 
ted  by  d  for  "dessert;''  Jc  signifies  "kitchen"  or  culinary  use; 
kf  that  the  variety  is  suited  for  market  purposes. 
I  In  the  colunms  headed  "Relative  importance"  the  comparative 
pctent  to  which  the  several  varieties  are  grown  in  the  different  sections 
■  shown.  The  varieties  rated  1  are  those  which  are  grown  the  most 
ptensively  in  the  sections  so  designated;  varieties  marked  2  are 

Eto  some  extent  in  the  sections  so  marked,  but  not  so  extensively 
se  rated  as  1 ;  varieties  which  are  found  only  occasionally,  hence 
^ely  unimportant  at  present,  are  rated  as  3. 
Promising  varieties  which  are  at  present  grown  but  little  and  the 
ue  of  which  is  not  yet  fully  determined  are  grouped  together  and 
ow  Table  III.     It  should  be  further  stated  that  where  a  variety  is 
the  same  in  a  section  in  which  early-apple  culture  is  an  impor- 
t  industry  and  one  in  which  it  is  still  undeveloped  commercially 
does  not  mean  that  that  variety  is  of  equal  importance  in  the  two 
ions  on  the  basis  of  the  quantity  of  fruit  produced,  but  rather 
t  in  comparison  with  other  varieties  grown  in  the  respective  see- 
the relative  proportions  are  approximately  the  same. 
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The  dates  given  in  the  columns  headed  "Season  begins  about" 
refer  to  the  approximate  periods  when  the  different  sorts  are  fit  for 
use  or  can  be  marketed,  and  not  necessarily  to  the  date  of  full  maturity. 
Where  the  16th  of  a  month  is  stated,  it  should  be  broadly  interpreted 
to  mean  the  middle  of  the  month;  likewise  the  25th  refers  to  the  last 
of  a  month  rather  than  to  an  exact  date.  A  similar  interpretation 
should  be  given  to  other  dates  mentioned. 

Table  III. —  Use,  relative  importance^  and  season  of  edible  maturity  of  summ^r-appU 

varieties  suited  to  gromng  in  the  Middle  Atlaniic  States, 


Use. 

New  Jeraey  sec- 
tion. 

Chesapeake  pen- 
insula section. 

Virginia  section. 

North  CaroUna 
section. 

Variety. 

Rela- 
tive 
im- 
por- 

tance. 

Season 

begins 

about— 

Rela- 
tive 
im- 
por- 
tance. 

Season 

begins 

about— 

Rela- 
tive 
Im- 

tanoe. 

Season 

begins 

about— 

Relar 
tlve  ' 
Im- 
por-  1 

tanoe.' 

Seasan 

begins 

aboot^ 

Alexander 

km 
km 

d 

d 

d 

dkm 

km 

3 
3 
3 

July  25 
Aug.  25 
Aug.  20 

Bachelor  Biuah 

. 

BeDonl 

3 
3 

July   10 
Sept.    1 

....      t 

Bonum 

.......... 

1     Aug.  21 

Bough 

2 

July  10 

2 
3 
2 
2 

July   10 
Sept.   5 
July  25 
July   10 

Celestia 

3 

Sept    1 

OhftTnplftIn , . . 

2 

July  25 

1 

Colton 

km 
d 

Cornell 

3 

Aug.  15. 
July  25 
July     5 
July  25 

*"-*"•*(*-"-****" 

Early  Edward 

d             3 
dk            2 

3 
2 
3 

1 
2 

July  25 
July    5 
July  25 
July     1 
July  15 

Early  Harvest 

1 

June  25 

1 

June  11 

Early  Joe 

d 
km 

d 
km 

k 

3 

Early  Ripe 

3 

June  U 

Early  Strawberry 

2 
2 
3 

July   15 

July  25 

. . .00 

Fngfi«hr^i|n,  : 

Fanny 

3 
3 
1 

July  25 
...do 

1 

Golden  Sweet 

dk 
dkm 

d 

3     Jolv  li 

Gravenstein 

1 

Aug.    5 

Aug.    5 

1 

July  25 

Horse 

1 

July  V 

Jefferis '. 

3 
3 
1 

Aug.    1 
Aug.  15 
July  10 

3    iiiiv  is' 

Jersey  Sweet 

3 

Aug.  10 

July 

km 
km 
dk 
km 

k 

km 
km 

d 

km 
km 
dm 

Keswick 

3 
3 

1 

July  25 
Aug.    1 
Aug.  15 

Lowell 

Maiden  Blush 

1 

Aug.  10 

1 

Aug.    1 

Met8 

2 

July  a 

Oldenburg 

2 
3 
3 

July  20 
July  25 
July   16 

2 

July  20 

3 

July  15 

Orange  Pippin.". 



Primate 

■ 

Randolph 

2 

1 
2 



July  20 
July     5 
July  10 

Red  Aslrachan 

1 

July  10 

1 
1 

July     1 

da 

1 
1 

Jnii#  9 

Red  June 

Jiin*  1 

Roadstown 

km 

2 
3 
1 
1 
3 
3 
2 
1 

Aug.    1 
Sept.  10 
July   15 
July  20 
July   15 

...do 

Aug.    1 
July   20 
July     5 

Smokehouse dkm 

1  ;  Sept.    1 

Starr 

km 

Summer  Hatrloe 

km 
d 

km 
dkm 

1 
2 
3 

July  20 
July  10 
July   15 



Summer  Rose 

I 

Tetofskl 

t 

Wealthy 

1 

Williams 

dkm 

1 
1 

July  20 
July     1 

3 

1 

July 

Yellow  Transparent dkm           1 

1 

1 

June  20 

JuDe  ] 

In  Table  III  several  varieties  are  rated  as  of  first  importance  ii 
either  the  New  Jersey  or  the  Chesapeake  peninsula  section,  but  ar 
not  mentioned  as  being  grown  at  all  in  either  of  the  other  sections 
The  conditions  in  each  section  are  sufficiently  similar  to  suggest  th 
probability  that  a  variety  which  can  be  grown  with  a  high  degree  c 
success  in  any  one  of  them  is  at  least  a  promising  sort  for  trial  i 
all  of  the  others.  The  varieties  referred  to  in  this  connection  can  b 
readily  determined  by  reference  to  the  above  table. 
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SeTeral  sorts  rated  as  2  or  3  in  the  sections  in  which  they  are  grown 
appear  to  possess  sufficient  merit  for  their  season  of  ripening  to  war- 
rant a  more  general  planting  of  them.  The  more  important  of  these 
rarieties  are  Bachelor  Blush,  Celestia,  EngUsh  Codlin,  Oldenburg, 
Primate,  Roadstown,  Smokehouse,  and  Wealthy. 

In  the  discussion  of  varieties  a  number  of  sorts  are  mentioned 
which  appear  to  be  promising,  but  which  are  not  sufficiently  well 
known  in  these  sections  for  them  to  have  any  particular  rating  in 
eomparison  with  other  varieties.  A  number  of  varieties  are  also 
mcluded  in  the  varietal  discussion  which  are  not  in  cultivation  in  any 
lection  of  this  region  so  far  as  is  known,  but  which  are  sufficiently 
pronusing  in  other  sections  to  suggest  the  probabihty  of  their  being 
aaccessfuUy  grown  in  this  region.  These  two  groups  of  varieties 
comprise  the  following:  Coffman,  Cross,  Dawes,  Early  Cooper, 
Glowing  Coal,  Hawthomden,  Kane,  Muster,  Sandbrook,  Summer 
Extra,  Summer  King,  Thaler,  Townsend,  and  Trenton  Early.  i 

FHENOLOOICAL  B.ECOB.DS. 
CHARACTER  OF  DATA. 

Exact  dates  of  the  blossoming  of  varieties,  the  opening  of  the 
leaves,  the  ripening  periods  of  the  fruit,  and  its  keeping  qualities  in 
different  sections  furnish  valuable  means  for  studying  the  adapta- 
Inlitj  of  varieties  when  such  data  are  accompanied  by  sufficient 
infonnation  concerning  the  age  and  condition  of  the  trees  or  plants 
in  question  and  the  conditions  under  which  they  are  grown.  The 
latter  should  include  climatological  data. 

Information  regarding  environment  is  essential  to  a  correct  inter- 
fietation  of  the  varietal  data  just  mentioned  and  also  in  order  to 
inake  the  data  from  one  section  fully  comparable  with  those  from 
another.  The  correlation  of  climatic  and  varietal  data  constitutes 
«oe  feature  of  the  science  of  phenology  (a  contraction  of  the  word 
phenomenology).  This  science  treats  of  the  relationships  of  local 
dimatic  conditions  and  the  periodical  recurrence  of  the  phenomena 
of  plant  life  or,  in  a  broader  sense,  of  all  Hving  things,  both  plants 
ind  animals. 

The  phenological  data  presented  in  Table  IV,  relating  to  apples  in 
Hew  Jersey,  Maryland,  Delaware,  Virginia,  and  North  CaroUna, 
iworded  under  the  direction  of  the  Bureau  of  Plant  Industry  by  i 

*  large  nimiber  of  fruit  growers  located  in  difTerent  sections  of  these 
States,  are  appended  for  the  purpose  not  only  of  disseminating  the  . 

Vdfic  varietal  information  which  has  thus  been  recorded,  but  also  | 

Because  such  data  make  possible  comparisons  with  other  sections 
fcom  which  important  deductions  may  be  made. 

That  these  comparisons  and  deductions  may  be  as  complete  and 
br-ieaching  as  possible,  the  important  varieties  of   apples  of  all 
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seasons  grown  in  these  States  are  included,  as  well  as  Hie  earl 
ripening  ones  to  which  the  subject-matter  of  the  foregoing  pag 
relates.  For  a  similar  reason,  the  range  of  observations  includ 
the  entire  States,  of  which  the  region  under  discussion  in  the  earii 
pages  forms  a  part. 

The  climatological  tables  on  pages  13  to  16,  for  the  years  1902 
1907,  inclusive,  which  correspond  to  the  years  covered  by  the  phen 
logical  data  below,  should  be  carefully  consulted  in  studying  the 
data,  since  the  latter  are  governed  largely  by  the  prevailing  climal 
conditions. 

A  list  of  the  names  and  addresses  of  those  who  have  contribute 
the  data  presented  in  Table  IV  is  given  below.  Each  observer 
assigned  a  number.  These  appear  in  the  first  column  in  the  li 
in  numerical  order.  For  convenience  in  indicating  the  approxima 
geographical  location  where  the  different  records  were  made,  ti 
number  representing  the  observer  who  made  each  one  is  plao 
before  it  in  Table  IV  in  the  column  headed  "Observer's  No. '' 

The  sequence  of  arrangement  in  Table  IV  is  by  States,  from  sou 
to  north;  under  each  State,  it  is  alphabetically  by  counties,  as  a 
also  the  names  of  the  post-offices  and  observers  in  each  county.  Tl 
order  of  the  observations  on  each  variety  is  also  from  south  to  nort 
in  accordance  with  the  approximate  latitude  at  which  each  observ 
tion  was  made. 

PHENOLOGICAL  OBSERVERS. 

In  the  following  Ust  are  included  the  names  and  post-office  a 
dresses  of  the  fruit  growers  who  have  furnished  the  phenologic 
data  presented  in  this  bulletin: 

lAst  of  observers  who  have  furnished  the  phenological  data  included  in  thi^  bulletin. 

NORTH  CAROLINA. 


Observ- 
er's No. 


1 
2 
3 
4 

5 

6 

7 

8 

9 
10 
10a 
106 
10c 
lOd 
11 
12 
13 
14 
15 
15a 
16 
17 


(Jrower. 


J.  C.  Cowan 

T.  P.  Gaston 

F.  B.  Bamhardt. 

J.  A.  Dula 

J.  Hatley 

3.  S.  Breece 

M.  L.  Furr 

J.J.  Phoenix.... 
John  Farrior 

G.  D.  Green 

do 

do 

do 

do 

C.  Oat^ 

J.  F.  Llvingstxin. 

Mark  Moore 

J.  D.  Woody 

W.T.  Llndsey.. 
J.  F.  Davenport. 
J.  L.  Kincaid. . . . 
C.  G.  Hodgea.... 


Post-offlce. 


Cotmty 


Asbeville 

Candler 

Conoord 

Lenoir 

Sawmill 

Fayetteville. . 
Mount  Holly. 
Greensboro  .* . 
Waynesville. 

do 

do 

do 

do 

do 

Bear  Wallow. 

Fletcher 

Horseshoe 

Wilmington.. 

Tryon 

Cherry 

Boone 

Sands 


I 


Buncombe. 

Do. 
Cabarrus. 
Caldwell. 

Do. 

Cumberland. 
Gaston. 
Guilford. 
Haywood. 

Do. 

Do. 

Do. 

Do. 

Do. 
Henderson. 

0. 

o. 

New  Hanover. 
Polk. 

Washington. 
Watauga. 
Do. 


^ 
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Lut  oj  ohserven  who  have  furnished  the  phenological  data  included  in  this  bulletin — Con. 

VIRGINIA. 


er'sNo 


18 
19 
30 
31 
22 
23 
34 
25 
26 
27 
2B 
» 
SO 
31 
S3 
83 

34 

35 

36 

37 

38 

30 

40 

41 

42 

43 

44 

44a 

45 

45 

47 

48 

49 

50 

51 

52 

68 

54 

55 


Grower. 


Po8t-ofnce. 


County. 


J.E.Smith 

Walter  What^ly 

J.  W.  Appereon 

T.  J.  Cunningham 

W.  F.  Qilkeeon 

H.  F.  I>efTenhaugh 

J.  D.  Keeler 

J.  D.  Lowry 

J.F.Deboe 

W.  H-Tavlor 

T.J.  Holdren 

M.L.  Hatcher 

R.  L.  Dearlng 

C.  E.  Layman 

E.  W.Byrd 

Hampton  Agricultural  and  Nor- 
mal Institute. 

E.B.Whaley 

J.  A.  Mclaughlin 

Joseph  Wetsel 

A.  B.  Davb 

ILL.  Price 

J.  C.  Carmody 

J.  J.  Shoemaker 

W.  B.  MacGregor 

Withers  Masste 

R.  L.  Hughes 

J.  E.  Punris 

W.M.Boyd 

James  Dickie 

E.  W.  Rogers 

Geo.  W.  Via 

J.  B.  Johnson 

R.  C.  Booth 

C.  H.Coniitahle 

J.  Cole"*  Terry 

E.L.  Wright 

W.  J.  Cowger 

G.  A.  Cqpp 

J.H.FUn 

L.  B.  Moore 


Clsmont 

Crozet 

Yancey  MIUs 

Amherst 

Flshersville 

Staunton 

Bedford  City,  R.  F.  D 
do 


Bodycamp. 

Colemans  Falls 

Thaxton,  R.  F.  D 
Penlcks,  R.  F.  D. 

Stewartsville 

Troutville 

Bcrryvllle 

Hampton 


Pender 

Morrisvllle 

Wetselfl 

Puroellvflle 

Blacksharg 

Christlansburg 

do 

Avon 

MaasiesMIll 

Nellysford 

Oakrldge 

Roseland,  R.  F.  D. 

do 

Jennings 

Woolmne 

Manassas 

Dublin 

Warsaw 

Bent  Mountain . . . 

Vinton 

Dayton 

Strasbuig 

do 

Arco 


Albemarle. 

Do. 

Do. 
Amherst. 
Augusta. 

Do. 
Bedford. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Botetourt. 
Clarke. 
Elisabeth  City. 

Fairfax. 

Fauquier. 

Greene. 

Ix)udon. 

Montgomery. 

Do. 

Do. 
Nelson. 

Do. 

Do. 

Do. 

Do. 

Do. 
Nottoway. 
Patrick. 
Prince  William. 
Pulaski. 
Richmond. 
Roanoke. 

Do. 
Rockingham. 
Shenandoah. 

Do. 
Warren. 


MARYLAND. 


57 
58 
50 
80 

eoa 

ei 

e2 

63 
64 
65 


07 


70 
71 


Sami.  Gamer 

Jesse  Smith 

Geo.  Balderston 

W.  R.  Grosh 

do 

J.  M.  Andrews 

C.L.Vafl 

Thomas  Tobin 

L.  E.  HoUings worth. 

J.  8.  Harris. 

F.H.Harper 

W.  8.  Maxwell 

R.  B.Thomas 

W.L  Walker 

Filiby  Smith 

F.E.  Matthews 


Annapolis 

Linwood 

Colora 

Elkton 

do 

Hurlock 

Forest  Hill 

Harford  Furnace. 

Joppa 

Worton,  R.  F.  D. 
StlUpond 

Ednor 

Mllllngton 

Hancock 

Pocomoke  Cltv . . 


Anne  Arundel. 

(^arroll. 

Ceci!. 

Do. 

Do. 
Dorchester. 
Harford. 

Do. 

Do. 
Kent. 

Do. 

Do. 
Montgomery. 
Queen  Anne. 
Washington. 
Worcester. 


DELAWARE. 


72 
73 
74 
75 
76 
77 
78 


F.  C.  Bancroft. 
C.  G.  Brown. . 

E.  G.  Packard. 
JohnHevd 

F.  M.Soper... 
S.  H.Derby... 

G.  B.  Graen... 


Camden... 

do.... 

Dover 

Felton 

Magnolia. . 
Woodslde. 


Kent. 
Do. 
Do. 
Do. 
Do. 
Do. 
Bridgeville Sussex. 


194 


56 


SUMMER  APPLES  IN   THE   MIDDLE  ATLANTIC  STATES. 


List  of  observers  who  have  furnished  the  pheiwlogical  data  included  in  this  htdUHn—Con. 

NEW  JERSEY. 


Observ- 
er's No. 

Grower. 

Post-office. 

County. 

79 

T.  Chalmers 

Folsom 

Atlantic. 

80 

A.  Uansell 

Burlinston 

Burlington. 

81 

W.  P.  Prav 

Dobbins 

Do. 

82 

J.  S.  Collins 

Moorestown 

do 

Do. 

83 

S.  C.  De  Cou 

Do. 

84 

G.  L.  Gilllncham 

do 

Do. 

85 

A.  L.  Ritchie 

Riverton 

Do. 

86 

H.  G.  Taylor 

do 

Do. 

87 

H,  L.  Sabsovich 

Woodbine 

Cape  May. 

88 

G.  W.  Gould 

Montf'lftlr 

E^sex. 

89 

A.  T.  RepD 

fllassboro    ...                       ...... 

Gloucester. 

90 

C.  G.  Kirby 

Mullica  Hill 

Do. 

91 

S.  S.  Budd 

Thorofare 

Do. 

92 

J.  F.  Brown 

Princeton 

Mercer. 

93 

H.  E.  Hale 

do 

Do. 

94 

I.J.  Blaekwell 

Titusville 

Do. 

95 

J.  T.  Robblns 

AUentown 

Monmouth. 

96 

W.H.Reid 

Tennet 

Do. 

97 

C.  M.  Rorer 

Civ«svill^ 

Ocean. 

98 

W.  H.  SkiUman 

Beltenifi^d. 

Somerset. 

99 

A.  F.  Randolph 

Boundbrook 

Do. 

100 

W.  J.  Lo^n 

Somerville 

Do. 

101 

W.  8.  Little 

Sussex 

Sussex. 

102 

A.  A.MUler 

do 

Do. 

103 

H.  B.  De  Kay  A  Son 

Vernon 

Do. 

104 

M.  E.  Vass 

Blalrstown 

Warren. 

104 
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DSSCBIFTION  OF  PLATES. 

Plate  I.  (Frontispiece.)  A  well-kept  Yellow  Transparent  orchard  about  10  yem 
old.    Good  cultivation  has  been  given  and  the  trees  have  made  an  excellent 

growth. 

Plate  II.  Wagons  and  packages  used  in  handling  summer  apples.  Fig.  1. — ^Wagoo 
loaded  with  half-bushel  baskets  of  summer  apples  for  the  Philadelphia  market. 
This  load  consists  of  149  baskets.  The  wagon  is  a  common  type  used  in  New 
Jersey  in  the  vicinity  of  Philadelphia  for  hauling  apples,  tomatoes,  and  other 
truck  to  market.  Fig.  2. — Wagon  loaded  with  seventy-three  {-bushel  baskets 
of  summer  apples  ready  for  hauling  to  the  railroad  station.  The  wagon  is  a  com- 
mon type  used  in  Delaware  for  this  purpose.  The  manner  of  loading  the  baskets 
on  the  wagon  is  also  shown. 

Plate  III.  Packing-house  views.  Fig.  1. — Exterior  view  of  a  packing  house  in 
Delaware.  There  are  four  doors,  one  on  either  side.  Each  door  is  numbered  to 
facilitate  in  giving  directions  in  regard  to  receiving  and  discharging  fruit.  A 
truck  used  in  hauling  fruit  from  the  orchard  to  the  packing  house  is  also  shown. 
Fig.  2. — Interior  view  of  a  packing  house  in  Delaware  shqwing  a  common 
method  of  handling  the  fruit  in  grading  and  packing  summer  apples.  Covers  are 
att£tched  to  the  baskets  before  they  leave  the  packing  house. 

Plate  IV.  Typical  summer-apple  orchards.  Fig.  1. — A  Maiden  Blush  orchard  in 
New  Jersey,  about  30  years  old.  The  props  under  the  trees  are  suggestive  of  the 
productiveness  of  this  variety  in  this  section.  The  orchard  receives  thorou^ 
cultivation  and  spraying.  Fig.  2. — A  Bed  Astrachan  orchard  in  Delaware, 
about  25  years  old.  It  has  been  well  maintained.  The  trees  are  36  feet  apart. 
The  brancheB  nearly  interlock  in  both  directions. 
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WAGON    AND    PACKAGES    USED    IN    HANDLING    SUMMER    APPLES. 


—Exterior  View  of  a  Packing  House. 


Fia.  1.— A  Maiden  Blush  Orchard  in  New  Ji 


Fio-  2.— A  Red  Asthacman  Oucmard  in  Delaware,  about  25  Years  Old. 
TYPICAL    SUMMER-APPLE    ORCHAROa 
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[Synonyms  of  apples  are  distinguished  from  the  leading  varietal  names  by  the  use  of  italic  type.] 
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Fall  Pippin 65 
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Golden  Sweet 32,52 

Government  List  No.  S34 48 
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King 79 
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Applee,  varieties,  Limbertwig 69 
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London  Sweet 69 

Lowell 36,52 

Magnum  Bonum 25 

Maiden  Blush 36-37,52,70,90 

Mammoth  Black  Tmig 57 

Metz 37,52 

Milam 70 

Mill  Creek  Vandevere 41 
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Never/ail 73 
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Cain 36 

June 40-41,52,75 
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Tompkins  King 79 
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Atlantic  City,  N .  J.,  dates  of  spring  frosts 16 

Coastal  Plain.    See  Plain,  Atlantic  Coastal. 
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Chestertown,  Md.,  dates  of  spring  frosts 16 
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Drainage  of  the  Coastal  Plain  region.    See  Plain,  Atlantic  Coastal,  topography. 
Early  apples.     See  Apples,  early. 
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England,  markets  for  early  apples 22 
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Foreign  markets  for  apples.     See  Apple.^,  early,  markets. 
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Fruit.     See  Apples. 
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LEITER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington^  D,  C.^  August  26^  1910, 

Sir  :  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  as  Bulletin  No.  195  of  the  special  series  of  this  Bureau  a 
manuscript  by  Mr.  Frank  Rabak,  Chemical  Biologist,  entitled  "The 
Production  of  Volatile  Oils  and  Perfumery  Plants  in  the  United 
Sates,"  submitted  by  Dr.  R.  H.  True,  Physiologist  in  Charge  of  the 
Office  of  Drug-Plant,  Poisonous-Plant,  Physiological,  and  Fermenta- 
tion Investigations. 

There  is  a  steady  demand  for  information  concerning  plants  yield- 
ing materials  used  in  the  manufacture  of  perfumery  products ;  also 
concerning  the  processes  and  .apparatus  required  to  utilize  these  oil- 
bearing  plants.  This  line  of  agricultural  work  has  not  yet  reached 
any  marked  development  outside  of  the  peppermint  industry  in  Mich- 
igan, New  York,  and  Indiana,  but  the  outlook  for  a  further  growth 
of  this  branch  of  special  agriculture  seems  worth  consideration. 
Much  experimental  work  will  be  required  to  determine  the  most 
favorable  locations  for  operation,  and  practical  experience  in  hand- 
ling the  crops  and  the  special  apparatus  needed  in  utilizing  them  must 
be  accumulated.  However,  the  economic  significance  of  this  class  of 
products  seems  likely  to  justify  the  efforts  required. 
Respectfully, 

G.  H.  Powell, 
Acting  Chief  of  Bureau. 

Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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THE  PRODUCTION  OF  VOLATILE  OILS  AND  PER- 
FUMERY PLANTS  IN  THE  UNITED  STATES. 


INTBODUCTION. 

The  ujse  of  aromatics  and  perfumery  dates  back  to  the  early  ages 
when  spices,  balsams,  asafetida,  and  other  resinous  exudations,  many 
of  which  possess  a^jreeable  odors,  were  used  for  the  purpose  of  scent- 
ing. The  peculiar,  a^eeable  aromas  emanating  from  plants  grow- 
ing in  their  native  habitats  may  be  supposed  to  have  early  aroused 
the  attention  and  admiration  of  the  primitive  peoples,  although  it 
may  not  have  been  known  in  what  forms  plants  and  flowers  possessed 
their  aromas.  Before  the  art  of  distillation  was  known,  the  ancient 
peoples  used  the  odoriferous  plants  and  spices  in  their  dried  forms 
for  their  agreeable  odors.  Gradually,  however,  the  development  of 
special  utensils  for  other  domestic  purpases  may  have  resulted  in  the 
discovery  of  methods  for  the  separation  of  odors  from  plants  and 
plant  products. 

The  use  of  distilling  apparatus  by  the  ancients  in  their  endeavor 
to  solve  the  problem  of  the  transmutation  of  the  elements  and  in 
other  researches  requiring  the  separation  of  volatile  from  nonvolatile 
substances  antedates  its  use  for  the  production  of  essential  oils  and 
perfumes,  but  it  was  probably  learned  at  an  early  date  that  the  odors 
present  in  plants  and  plant  exudations  were  capable  of  separation 
because  of  their  greater  volatility  when  compared  with  the  other  con- 
stituents present.  The  first  mention  in  ancient  Greek  writings  of 
the  separation  of  an  odor  from  a  crude  substance  is  that  of  the  oil 
of  cedar,  which  was  separated  from  the  oleoresin  by  means  of  the 
crudest  form  of  apparatus.  This  consisted  of  an  open  earthen  kettle 
in  which  the  oleoresin  was  boiled  with  water,  the  vapors  of  steam 
Md  oil  being  collected  in  layers  of  wool  so  placed  that  the  steam  from 
the  kettle  passed  through  the  wool,  which  served  as  a  condenser  and 
retained  the  oil  and  water.  Gradually  this  apparatus  was  trans- 
formed until  it  consisted  of  two  definitely  related  parts,  the  kettle,  or 
Wy  of  the  still,  and  the  removable  head,  which,  besides  closing  the 
kettle,  also  acted  as  a  condensing  device  on  account  of  its  exposure  of 
»  Urge  surface  to  the  air.    Further  improvements  were  made  from 
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time  to  time,  until  the  apparatus  came  to  consist  of  a  still  body  with 
a  detachable  head,  to  admit  of  the  introduction  of  the  material,  and 
of  a  condensing  worm  or  tube  surrounded  by  flowing  cold  water. 
The  highly  efficient  modern  still  embodies  in  a  more  elaborated  adap- 
tation the  essential  principles  of  this  crude  apparatus. 

Along  with  the  development  of  the  necessary  apparatus  there  have 
grown  up  in  different  parts  of  the  world  many  large  and  small  indus- 
tries founded  on  volatile-oil  production.  From  the  small  stills  for- 
merly used  in  making  essences  or  spirits  for  use  in  the  home  for 
medicinal,  condimental,  or  perfumery  purposes  from  herbs  gath- 
ered wild  or  grown  in  the  garden,  there  have  come  the  extensive 
perfumery  industries  of  southeastern  France,  the  attar-of-rose  indus- 
try in  Bulgaria,  the  peppermint  and  turpentine  industries  in  the 
United  States,  and  the  other  many  and  varied  phases  of  the  great 
industry  of  volatile-oil  production. 

The  present  centers  of  activity  in  this  branch  of  manufacture  have 
become  established  where  they  exist  through  a  favorable  combination 
of  conditions,  including  the  adaptation  of  soil  and  climatic  conditions 
to  the  needs  of  the  plants  concerned  and  suitable  labor  conditions. 
In  southwestern  France  a  general  perfumery  industry  of  great  im- 
portance, based  on  the  production  of  lavender,  cassie,  rose,  violet, 
and  other  perfumery  plants,  has  grown  up.  The  attar  of  roses  from 
Bulgaria  and  Turke}^,  the  rose-geranium  oils  from  Algeria,  Re- 
union, and  other  French  colonies,  the  lavender  and  other  essential 
oils  from  England,  and  the  citrus  oils  from  Italy,  as  well  as  the 
lemon-grass,  citronella,  vetiver,  and  other  volatile-oil  and  perfume- 
producing  products  from  India,  may  be  mentioned  as  important  in- 
dustrial products.  In  the  United  States  and  in  Japan  the  produc- 
tion of  peppermint  oil  and  its  products  constitutes  an  important 
industry.  In  many  instances  introduced  plants  are  used;  in  others, 
native  species,  usually  brought  under  cultivation,  form  the  basis  of 
production. 

The  growth  of  the  volatile-oil  industry  has  been  most  rapid  in 
late  years  in  Germany  and  France,  due  in  part  to  the  opening  up 
of  remunerative  lines  of  work  by  pioneering  scientific  workers  and 
in  part  to  the  greater  demand  for  these  products  by  the  manufacturers 
of  those  countries.  Although  volatile  oils  find  much  use  in  a  medic- 
inal way,  the  greatest  demands  come  from  the  makers  of  perfumeries 
and  of  flavors.  As  a  result  of  scientific  research  along  the  lines  of 
perfume  chemistry,  not  only  has  a  great  field  for  commercial  activity 
been  discovered  but  scientific  knowledge  itself  has  been  greatly  en- 
larged. This  mutually  helpful  relation  between  science  and  commerce 
has  been  conspicuously  developed  in  France  and  Germany,  but  to  only 
a  relatively  sliglit  extent  in  this  country.  In  view  of  the  increasing 
importance  of  this  class  of  products  to  American  commerce,  it  seems 
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highly  advisable  that  steps  be  taken  to  investigate  the  possibilities 
of  our  country  in  this  direction.  With  our  great  range  of  latituHe 
ind  variety  of  climate  and  soil,  the  conditions  naturally  favorable  to 
the  production  of  such  oils  and  perfumes  should  be  available.  Other 
questions,  such  as  labor  and  transportation  facilities,  must  be  con- 
sidered. It  is  probable  that  by  careful,  scientific  study  of  the  situ- 
ition  the  way  may  be  opened  for  the  development  of  somewhat  ex- 
tasive  industries  based  on  the  growing  and  manufacturing  in  this 
country  of  volatile-oil  products  now  either  imported  or  neglected. 
These  industries  are  already  represented  by  the  peppermint,  spear- 
mint, and  wormwood  products  grown  in  New  York,  Michigan,  Indi- 
ma,  Wisconsin,  and  other  States  of  the  upper  Mississippi  Valley. 

'  ABOMA  OF  PLANTS. 

I 

'  NATURE  OF  ODORS. 

Of  the  countless  numbers  of  plants  in  the  vegetable  kingdom,  a 
Itrge  percentage  possesses  peculiar  aromatic  odors,  by  means  of 
which  the  plants  may  ofttimes  be  characterized.  The  substances 
which  impart  these  peculiar  odors  to  plants  consist  of  mixtures  of 
eompounds  oily  in  character  and  of  a  volatile,  nature;  hence  the 
designation  "  volatile  oils." 

It  may  be  generally  stated  that  all  plants  which  in  the  growing 
condition  give  off  a  pronounced  odor  or  which  produce  this  odor 
when  the  leaves  or  flowers  are  rubbed  between  the  fingers  contain  an 
osential  oil.  However,  this  must  not  be  construed  to  mean  that  all 
Toktile  oils  must  necessarily  be  derived  from  plants  which  possess 
in  odor,  there  being  plants  which  do  not  possess  the  oil  pre-formed  in 
Ithe  tissues,  but  which  through  the  interaction  of  constituents  in  the 
ipJant  under  proper  conditions  yield  a  volatile  oil.  A  common  ex- 
jimple  of  this  class  of  plants  or  plant  products  is  the  bitter  almond, 
which  yields  the  bitter-almond  oil  of  commerce  by  maceration  of  the 
fround  kernels  with  water,  the  oil  formation  taking  place  during 
laceration. 

The  aroma  of  plants  is  not  necessarily  due  to  volatile  oils,  there 
teing  other  odor-bearing  substances  which,  while  distinctly  aromatic, 
we  not  of  an  oily  character.  Reference  is  here  made  to  plants  and 
plint  products  which,  while  not  possessing  any  odor  during  the 
growing  period,  develop  very  fragrant  odors  after  harvesting  and 
flying.  An  example  of  this  class  is  the  vanilla  bean  of  commerce, 
whidi  in  a  green  condition  is  odorless  but  which  when  properly 
Qiied  develops  the  characteristic  fragrant  vanilla  odor.  In  this  case, 
•wording  to  Lecomte,"  a  glucosidal  body  in  the  plant,  coniferin,  is 

'Lecomte,  Henri.  Comptes  Rendus  Ilebdomadafres  des  Spaces  de  TAcad^mie 
^  SdeDces,  vol.  13a,  1901.  p.  745. 
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hydrolized  during  the  curing  process  by  plant  enzymes  or  fermen 
to  the  compound  coniferyl  alcohol,  which  in  turn  is  oxidized  t 
oxydase  to  vanillin.  In  this  case  a  characteristic  odor  is  perceptibl 
yet  no  volatile  oil  can  be  separated  from  the  plant.  A  fuller  di 
cussion  of  this  class  of  substances  will  follow. 

With  only  a  few  exceptions  it  may  be  stated  that  volatile  oils  e: 
ist  in  the  tissues  of  a  plant  as  minute  globules,  sometimes  inclosed  i 
cells  but  in  some  instances  in  enlarged  cavities  so  conspicuous  as  to  I 
seen  without  the  aid  of  a  lens  or  a  microscope.  By  a  careful  e: 
amination  of  the  leaf  of  a  peppermint  plant,  especially  at  the  time  ( 
blossoming,  tiny  glistening  particles  of  oil  are  clearly  discernibl 
The  close  scrutiny  of  the  peel  of  a  lemon  or  an  orange  discloses  t 
view  small,  circular  oil  glands  under  the  epidermis,  imparting  to  i 
much  of  the  characteristic  roughened  appearance.  Such  seeds  a 
cloves,  fennel,  and  anise  contain  oil  passages  directly  below  the  epi 
dermis  surrounding  the  endosperm  or  embryo  of  the  seeds. 

The  volatile  oils  in  plants  do  not  represent  simple  substances  bu 
are  complex  mixtures  of  numerous  aromatic  compounds  which  posses 
a  definite  chemical  composition.*  However  complex  the  compositioi 
of  an  oil  may  be,  usually  one  constituent  seems  to  impart  the  char 
acteristic  odor  and  stands  out  conspicuously.  Generally  this  con 
stituent  attracts  attention  as  the  odor  bearer  of  the  plant  or  oil. 

The  substances  which  supply  the  aroma  to  plants  or  to  essentia 
oils  may  be  resolved  by  chemical  classification  into  several  groups  o: 
organic  compounds,  namely,  hydrocarbons,  acids,  alcohols,  esters 
aldehydes,  ketones,  oxids,  phenols,  and  sulphur  compounds. 

Volatile  oils  with  but  few  exceptions  contain  constituents  whict 
belong  to  two  or  more  of  the  above-mentioned  groups  of  organic 
compounds.  Although  each  of  the  groups  may  contribute  to  th< 
o(Nnplex  odor  of  a  plant  or  of  a  volatile  oil,  usually  compounds  exisi 
in  the  oil  which  seem  to  the  observer  to  be  especially  agreeable  and 
fragrant.  The  bearers  of  these  pleasant  odors  which  are  so  appareni 
even  in  complex  mixtures  are  for  the  most  part  either  ester-like  oi 
alcoholic  in  character.  It  is  not  unusual,  however,  that  aldehydes, 
ketones,  or  phenols  play  the  role  of  odor  bearers  in  a  few  oils  or 
plants,  as,  for  example,  the  principal  odorous  constituent  of  lemon 
oil,  which  is  the  aldehyde  citral,  while  the  pronounced  odor  of  pen- 
nyroyal oil  is  chiefly  due  to  the  ketone  pulegone.  The  strongly  aro- 
matic odor  of  thyme  is  attributed  to  the  phenol  called  thymol,  while 
sulphur  compounds  are  largely  responsible  for  the  aroma  of  thi 
mustard  oils. 

Thus  it  may  be  perceived  that  while  esters  and  alcohols  impaii 
agreeableness  to  the  majority  of  oils,  there  are  exceptions,  as  already 
stated.  Such  oils  as  peppermint,  lavender,  wormwood,  rose,  geran* 
ium,  ylang-ylang,  orange  flower,  and  numerous  others  owe  their 
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^fragrance  to  alcohol  or  ester  compounds,  or  to  both,  since  these  com- 
fpounds  are  usually  found  accompanying  one  another  in  the  oils. 
Owing  to  their  particularly  agreeable  fragrance,  the  esters  and  the 
alcohols  form  a  class  of  the  so-called  desirable  constituents. 

Esters  represent  a  group  of  constituents  which  are  formed  by  the 
interaction  of  alcohols  and  plant  acids  (esterification),  an  ester  re- 
sulting by  the  elimination  of  water  in  the  reaction.  Almost  in- 
variably these  esters  possess  a  pleasant  odor  and  convey  the  charac- 
teristic mellowness  and  fragrance  to  many  of  the  essential  oils  from 
I  plants.  Indeed,  a  number  of  oils  are  valued  according  to  the  per- 
centage of  esters  which  they  contain.  The  largest  number  of  pleas- 
ant-smelling esters  usually  occur  in  oils  as  formates,  acetates,  or 
butyrates,  the  acetic-acid  esters  prevailing.  The  oil  of  lavender 
flowers,  for  instance,  owes  its  agreeable  aroma  to  the  acetic-acid  ester 
of  the  alcohol  linalool  or  to  linalvl  acetate.  The  oil  is  valued  ac- 
cwding  to  the  percentage  of  linalyl  acetate  which  it  contains,  al- 
though the  free  alcohol  linalool  also  exists  in  the  oil.  In  this  con- 
nection it  may  be  mentioned  that  the  ester  menthyl  acetate  imparts 
fragrance  to  peppermint  oil,  menthol  being  also  an  important  con- 
stituent in  this  case. 

Another  striking  example  of  an  ester  compound  as  the  odor  bearer 
of  an  oil  is  the  methvl  ester  of  anthranilic  acid,  which  carries  the  odor 
of  orange  flowers.  Further  examples  are  not  necessary  to  emphasize 
the  importance  of  esters  and  alcohols  in  determining  the  aromatic 
value  of  oils  or  plants. 

In  view  of  the  fact  that  certain  constituents  mav  be  classed  as 
odor  bearers,  the  desirabilitv  of  these  constituents  in  volatile  oils 
being  evident,  attention  should  be  given  to  the  possibility  of  increas- 
ing this  class  of  substances  by  proper  conditions  of  climate  and 
cultivation. 

LOCALIZATION   OF  ODORS. 

Volatile  oils,  although  found  in  all  parts  of  plants,  are  localized 
more  or  less  generally  in  certain  portions.  The  leaves,  possibly  on 
account  of  their  extensive  area,  often  carry  a  large  proportion  of  oil. 
In  many  plants,  indeed,  the  leaves  serve  as  the  chief  source  of  the 
oD.  Mention  mav  be  made  here  of  the  oils  obtained  from  leaves  of 
such  plants  as  the  eucalyptus,  bay,  wintergreen,  pine,  lemon  grass, 
citronella,  and  ginger  grass.  On  the  other  hand,  in  some  plants  the 
oil  is  obtained  principally  from  other  parts,  the  leaves  possessing 
little  or  no  odor,  as  in  the  oil-yielding  roses. 

The  flowering  tops  of  aromatic  plants  as  a  rule  yield  oils  of  rich 
aroma,  excelling  the  oils  produced  from  any  other  portion  of  the 
plant.  The  exquisite  bouquet  of  such  oils  as  rose,  lavender,  cassie, 
orange  flower,  and  ylang-ylang  is  well  known,  all  of  these  oils  being 
obtained  from  the  flowers  or  flowering  tops. 
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The  fruit  oils  occupy  a  position  of  no  little  importance,  represent- 
ing an  industry  by  themselves.  The  principal  oils  from  the  citrus 
fruits  are  obtained  from  the  lemon,  sweet  orange,  bitter  orange  (petit 
grain),  and  bergamot.  In  all  of  the  above  fruits  the  essential  oil 
is  contained  in  the  peel  of  the  fruit  from  which  it  is  obtained. 

Many  of  the  various  seed  oils  are  very  important  commercially, 
being  employed  largely  as  perfumes  and  medicinal  agents.  Among 
the  seed  oils  derived  from  the  order  Umbelliferae  (parsnip  family) 
which  possess  especial  value  may  be  mentioned  caraway,  anise,  fen- 
nel, and  coriander.  Other  seeds  yielding  oils  of  commercial  import 
are  cardamom,  American  wormseed,  mustard,  bitter  almond,  peadi, 
and  apricot  seeds. 

In  addition  to  the  above  and  playing  an  important  role  in  volatile- 
oil  production  are  the  bark  and  wood  oils,  the  former  being  repre- 
sented by  such  oils  as  sassafras,  canella,  and  cinnamon.  The  wood 
oils  comprise  such  oils  as  sandalwood,  copaiba,  and  cedar,  while  from 
the  woods  indirectlv  are  obtained  several  essential  oils  of  value, 
namely,  oils  from  oleoresins,  as  turpentine,  copaiba,  elemi,  California 
turpentine  {Pinus  aabiniand)^  and  Oregon  balsam  oil. 

There  are  comparatively  few  root  oils,  the  chief  examples  being 
valerian,  snakeroot,  and  sassafras  oils. 

The  aerial  portion  of  the  plant  serves  possibly  more  extensively 
for  the  extraction  of  volatile  oils  than  any  other  of  the  plant  parts 
mentioned.  Peppermint,  spearmint,  and  wormwood,  from  which 
oils  are  now  produced  commercially  in  this  country,  are  typical 
instances. 

DEVELOPMENT  OF  AROMA. 

The  development  of  the  aroma  in  a  plant  is  conditioned  by  the 
interaction  of  several  important  factors.  It  is  generally  accepted 
that  a  close  relationship  exists  between  the  growth  of  the  plant  and 
climatic  factors,  such  as  heat,  light,  and  moisture,  and  it  seems  clear 
also  that  these  conditions  play  an  important  part  in  the  formation 
of  the  aroma  and  materially  influence  its  quality.  The  effect  of 
climate  upon  the  quality  of  the  aroma  is  clearly  shown  by  the  vary- 
ing fragrance  of  the  oils  produced  by  plants  of  the  same  species  when 
they  are  grown  in  sections  having  a  wide  diversity  of  climatic  con- 
ditions. Continuous  sunshine,  which  may  be  a  factor  in  the  develop- 
ment of  fragrance  in  one  plant,  may  possibly  exert  a  reverse  action 
upon  another  in  which  the  formation  of  the  chief  odoriferous  con- 
stituents is  not  directly  favored  by  the  action  of  light.  Usually,  how- 
ever, sunshine  is  a  favorable  agent  for  the  production  of  delicate 
aromas,  while,  on  the  other  hand,  cloudiness  or  darkness  has  a  tend- 
ency to  lower  the  production  of  aromatic  substances  by  the  plant. 
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An  abundance  of  moisture  is  required  for  the  growth  of  certain 
plants  and  also  for  tlie  development  of  aroma.  This  is  especially 
true  of  plants  whose  habitat  may  be  aquatic  or  subaquatic ;  in  this 
f*se  dryness  becomes  a  direct  hindrance  to  growth  and  likewise 
lessens  the  activity  of  the  metabjolic  processes  taking  place  within 
the  organism.  \ 

On  the  other  hand,  many  plants  are  especial  lovers  of  dryness, 
particularly  such  as  inhabit  the  western  arid  tracts  and  deserts. 
These  excessively  dry  regions  are  not  devoid  of  plant  life;  neither 
are  they  wanting  in  plants  possessing  odors.  The  sages  are  excel- 
lent examples  of  sturdy  growers  on  dry  lands,  and  many  are  decidedly 
aromatic,  producing  oils  of  excellent  quality. 

In  both  of  the  above  extreme  cases,  coupled  with  the  dryness  or 
moisture,  an  abundance  of  sunshine  is  usually  conducive  to  the  form- 
ation of  volatile  oils  in  plant  organs. 

A  typical  example  may  be  mentioned  in  the  case  of  lavender.  This 
highly  fragrant  oil  is  derived  from  the  plant  Lavandula  vera^  which 
grows  for  the  most  part  in  France  and  England  and  is  much  in- 
fluenced by  such  factors  as  soil,  dryness,  moisture,  altitude,  and  sun- 
shine- Oils  which  possess  the  highest  percentage  of  the  odor  bearer, 
linalyl  acetate,  are  usually  produced  from  plants  grown  on  mountain 
slopes. 

Lamothe®  states  that  the  finest  grades  of  lavender  plants  of  the 
Drom6  region  are  grown  at  the  highest  altitudes  (2,500  feet)  in  the 
mountain  districts.  Plants  grown  on  the  lowlands  of  these  moun- 
tains have  been  found  to  be  decidedly  inferior.  Most  light  soils  are 
well  suited  to  the  growth  of  lavender,  but  those  of  a  heavy  or  soggy 
nature  should  be  avoided. 

The  lavender  produced  in  the  Mitcham  district  of  England  is  gener- 
ally considered  to  have  the  most  agreeable  fragrance.  In  England  the 
conditions  are  decidedly  different  from  those  occurring  in  France,  both 
with  respect  to  soil  and  altitude.  A  chalky  soil  seems  to  be  best 
adapted  to  the  growth  of  lavender  in  the  Mitcham  district.  The 
plant  is,  however,  also  grown  profitably  in  the  vicinity  of  Bourne- 
mouth, Dorsetshire,  where  the  soil  consists  of  sand  and  clay,  with 
more  or  less  peaty  humus.^  Fungous  growths,  it  is  stated,  harm 
lavender  where  the  drainage  is  not  perfect.  An  abundance  of  humi  J- 
ity  and  sunshine  is  also  considered  necessary  by  the  English  growers. 
Although  it  is  generally  conceded  that  the  English  lavender  oil 
is  the  most  fragrant,  this  property  is  attributed  by  Gildemeister,  Hoff- 
mann, and  Kremers  ^  to  the  invariably  low  ester  content  of  the  oil, 

•Lamothe.  M.  L.     Biil.  Roure-Bertrand  Fils.,  Octol)er,  1908,  p.  33. 
*  Pharmaceutical  Journal,  vol.  S3.  1909.  p.  532. 

^OUdemeister,  Eduard.  Iloflfmann.  i^ledrlch,  and  Kremers,  Edward.    The  Vola- 
^OUa.p.  e06. 
185 


14       THE  PRODUCTION   OF  VOLATILE   OILS   AND  PERFUMERY   PLANTS. 

and   their   findinpp  are   fiu1:lier  substantiated    by    Kebler"    and  by 
Parry.'' 

In  the  United  States  the  cultivation  of  lavender  has  not  advanced 
to  any  extent.  However,  in  view  oif  the  fact  that  certain  regions  of 
the  United  States  possess  climate,  ^oil,  and  other  factors  practically 
similar  to  those  of  the  lavender-producing  regions  of  France  and  of 
England,  it  does  not  necessarily  follow  that  lavender  may  not  be 
grown  profitably  in  America. 

The  nature  of  the  soil  through  its  physical  and  chemical  properties 
offers  an  important  variable  condition  likely  to  affect  the  metabolism 
of  the  plant,  and  consequently  the  constituents  elaborated  by  it.  Ex- 
periments upon  peppermint  by  Charabot  and  Hebert  ^  seem  to  indi- 
cate that  soils  supplied  with  commercial  fertilizers  produce  plants 
yielding  oils  superior  in  esters  or  odor-bearing  compounds,  the  esteri- 
fication  of  menthol  in  the  plant  seeming  to  be  favored.  Peppermint 
grown  by  the  writer  upon  a  soil  rich  in  organic  matter,  a  black  loam, 
produced  an  oil  noticeably  richer  in  menthyl  acetate  than  peppermint 
grow^n  upon  a  clay  loam.  The  existing  conditions  of  climate  were 
possibly  also  instrumental  in  bringing  about  this  result. 

Seasonal  changes  have  also  a  marked  effect  not  only  upon  the 
quality  but  also  upon  the  quantity  of  oil  produced  by  a  plant.  A 
plant  distilled  at  its  flowering  period  during  one  season  may  produce 
a  certain  yield  of  oil  of  certain  quality,  and  in  the  following  season, 
which  may  be  entirely  different,  it  may  produce  a  much  higher  or 
lower  yield  of  oil  either  superior  or  inferior  in  quality. 

The  agents  already  enumerated  are  instrumental  in  bringing  about 
certain  chemical  changes  in  the  composition  of  the  oil  in  the  cells  or 
tissues  of  the  living  plants  which  contain  the  oil  already  formed. 
There  is,  however,  another,  group  of  plants  which,  though  not  possess- 
ing the  oil  already  formed  in  the  plant  tissues,  do  possess  certain 
basal  constituents  from  which  the  volatile  oil  is  formed.  These  con- 
stituents usually  belong  to  a  class  of  plant  constituents  known  as 
glucosids,  which  break  down  by  hydrolysis  into  a  sugar,  generally 
glucose,  and  some  other  compound.  The  "  other  compound  "  which 
is  formed  by  this  hydrolysis  in  the  case  of  some  glucosids  is  volatile 
and  constitutes  the  volatile  oil  from  the  plant. 

Very  common  examples  of  plants  witli  glucosidal  bodies  which 
yield  a  volatile  oil  are  wintergreen  and  sweet  birch.  The  leaves  of 
the  wintergreen  and  bark  of  the  sweet  birch  contain  the  glucosid 
gaultherin,  which  under  proper  conditions  of  hydrolysis  yields 
methyl   salicylate  and   glucose.     Methyl  salicylate  in  this  instance 

**  Kebler,  L.  F.     American  .Journal  of  Pharmacy,  1900,  p.  223. 
&  Parry,  E.  L.     Chomist  and  Drnpjjist,  1902,  p.  168. 

^Cliarabot,  A.,  and  Ilebert,  A.     BuUetln  du  Jardin  Colonial,  vol.  27.  1902. 
3d  ser.,  pp.  224  and  914. 
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represents  the  volatile  oil  of  winter*jreen.  In  order  to  effect  this 
hydrolysis  of  the  glucosid  in  wintergreen  or  sweet  birch,  the  material 
is  sinipU''  macerated  with  water.  A  reaction  inunediately  begins, 
assisted  by  the  plant  ferments,  which  act  as  catalysing  agents,  with 
the  formation  of  the  volatile  methyl  salicylate  and  glucose,  as 
follows : 

gauitherin"*'     ^         methyl  salicylate  "^  glucose* 

If  after  the  reaction  is  complete  the  fermented  material  is  put  into 
a  distilling  apparatus,  the  volatile  oil  of  wintergreen  and  sweet  birch 
may  be  distilled  as  a  colorless  oil  with  the  characteristic  wintergreen 
odor  so  commonly  known. 

In  addition  to  the  two  plants  mentioned  containing  glucosidal  sub- 
stances which  split  up  into  a  volatile  oil  and  a  sugar,  the  ordinary 
bitter  almonds  and  peach,  apricot,  and  prune  kernels  may  be  men- 
tioned. These  kernels  contain  the  glucosid  amygdalin,  which  when 
hydrolyzed  yields  benzaldehyde,  hydrocyanic  acid,  and  glucose,  as 
follows : 

(^H^NO„  HCN     C,H,CHQ    C,H,A 

amygdalin  "*"      ^       hydro- '  benzalde- '  glucose* 

cyanic        hyde 
acid 

Therefore,  when  the  ground  kernels  are  macerated  or  hydrolyzed  in 
the  presence  of  water  and  then  distilled,  the  ordinary  volatile  oil  char- 
acteristic of  bitter  almonds  and  of  peach,  prune,  and  apricot  kernels, 
is  obtained. 

These  kernel  oils  are  in  every  Avay  identical,  just  as  the  oils  of  win- 
tergreen and  sweet  birch  are  practically  identical,  the  former  con- 
sisting chiefly  of  hydrocyanic  acid  and  benzaldehyde  and  the  two 
latter  of  nearly  pure  methyl  salicylate. 

One  other  example  of  an  oil  produced  by  fermentation  is  the  oil 
of  mustard  seeds.  These  seeds  contain  the  glucosid  sinigrin,  which 
likewise  suffei"s  hydrolysis  when  ground  seeds  are  macerated  in 
water,  producing  the  volatile  oil  of  mustard  (allyl  iso-sulphocyanid), 
glucose,  and  potassium  acid  sulphate,  according  to  the  following 
reaction : 

C,oH,eNa,KO«  C3H,CSN    r«H,A  .  KHSO, 

sinigrin      "^    ^        allyl  iflo-'  glucose  '    potas- 

sulpho-  slum 

cyan  id  acid 

sulphate 

The  fermented  mixture  readily  yields  the  volatile  oil  by  distilla- 
tion with  steam.  The  medicinal  action  attributed  to  mustard  seeds 
is  due  to  the  mustard  oil  developed  in  the  reaction  mentioned.     This 
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oil,  however,  is  not  formed  until  the  mustard  is  brought  in  contaq 
with  water,  thus  enabling  the  vegetable  ferment  to  hydrolyse  the  glu* 
cosid,  with  the  results  specified. 

These  instances  are  cited  here  simply  to  make  clear  the  fact  thirf 
not  all  volatile  oils  preexist  in  plants  and  that  some  of  our  most  valu- 
able oils  are  obtained  from  plants  entirely  devoid  of  odor,  which, 
however,  develops  when  the  proper  conditions  are  supplied.  Tin 
number  of  these  special  cases  is  comparatively  few  when  we  consido 
the  vast  number  of  plants  which  contain  volatile  oils  existing  as  sud 
in  their  tissues  and  depending  for  their  development  in  the  plant  onlj 
on  conditions  of  growth  and  nourishment. 

EXTRACTION  OF  ABOMA. 

For  the  separation  of  the  aromatic  principle  from  a  plant,  several 
methods  are  in  vogue,  depending  for  their  eflSciency  and  practicability 
largely  upon  the  nature  of  the  odors  to  be  extracted.  The  properties 
of  the  various  odorous  substances  are  such  that  in  order  to  separate 
them  in  their  entirety  only  such  methods  can  be  applied  as  will  bring 
about  the  least  possible  change  in  the  fragrant  constituents.  Because 
of  the  facility  with  which  certain  aromatic  principles  undergo  change 
it  is  necessary  at  times  to  extract  the  perfume  without  exposing  the 
materials  to  high  temperatures  and  to  other  conditions  which  would 
tend  to  change  their  chemical  nature.  For  this  reason  several  meth- 
ods are  employed  at  the  present  time  for  the  extraction  of  volatile 
oils  and  perfumes,  each  of  which  possesses  advantages  and  disad- 
vantages. 

The  following  general  methods  find  application  in  commerce  for 
the  separation  of  the  odoriferous  principles  from  plants  and  plant 
products:  (1)  Solution,  (2)  expression,  and  (3)  distillation. 

SEPARATION  OF  PERFUMES  BY  SOLUTION. 

The  method  of  solution  as  applied  in  practice  is  subdivided  into 
three  modifications,  viz,  by  volatile  solvents,  by  liquid  fats,  and  by 
solid  fats. 

EXTRACTION   WITH    VOLATILE  SOLVENTS. 

The  method  of  extraction  with  volatile  solvents,  such  as  ether, 
chloroform,  benzene,  petroleum  ether,  acetone,  etc.,  is  adaptable  only 
to  flowers,  because  of  the  comparatively  small  quantity  of  other  kinds 
of  extractive  matter  soluble  in  any  one  of  these  solvents.  The  method 
would  be  very  impractical  for  the  extraction  of  perfumes  or  oils  from 
a  whole  plant  or  from  the  leaves  of  a  plant,  since  whole  plants  or 
plant  parts  other  than  flowers  contain  considerable  other  matter 
besides  the  et^sential  oil  solul)le  in  these  solvents. 
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The  method  employed  commercially  for  the  extraction  of  odors 
by  means  of  these  volatile  solvents  embodies  a  process  known  as 
continuous  extraction.  By  this  method  the  solvent,  after  percolating 
through  flowers  and  carrying  with  it  in  solution  the  odorous  con- 
stituents, is  heated  in  a  proper  receiving 
Tessel  and  the  vapors  condensed  and 
utilized  further  for  extracting  any  re- 
maining odor.  The  advantage  of  this 
method  is  the  small  amount  of  solvent 
necessary  for  extraction  and  the  con- 
tinual percolation  of  fresh  solvent 
through  the  material. 

The  accompanying  illustration  (fig. 
1)  represents  an  apparatus  used  for 
this  purpose,  which  consists  chiefly  of 
the  percolator,  the  receiving  vessel,  and 
the  condenser. 

The  percolator,  i?,  in  the  bottom  of 
which  is  placed  a  circular  screen,  is 
Aarged  with  the  flowers  to  be  extracted, 
tnd  the  removable  cover,  F,  is  attached 
by  means  of  clamps,  as  indicated.  A 
bea?y  gasket  of  cotton  wicking  or  asbes- 
tos (previously  moistened)  or  rubber 
is  placed  between  the  cover  and  the 
percolator  to  insure  a  tight  connection. 
To  the  bottom  of  the  percolator  at  H  is 
tttached  the  receiving  vessel,  A^  and 
the  hot  water  steam  bath,  Z>,  by  means 
of  a  screw  union.  Into  the  cover,  F^  is 
fitted  a  perforated  rubber  cork,  through 
which  passes  a  glass  tube,  A".  The  glass 
t^ibe,  /f,  is  further  connected  with  the 
condenser,  C,  by  means  of  a  perforated 
nibber  stopper.  The  condenser  may 
he  of  the  single-tube  or  worm  variety, 
the  former  being  preferable.  The  tube 
A  is  of  glass  for  the  purpose  of  enabling 
the  operator  to  observe  the  rapidity  with 
*hicli  the  condensation  of  vapors  is  taking  place.  After  pouring  the 
^l^ent  through  the  condenser  and  into  the  percolator,  heat  (pref- 
erably steam  or  hot  water)  is  applied  to  the  bath,  Z?.  The  steam  is 
passed  through  the  bath,  Z>,  in  the  direction  indicated  by  the  arrows. 
The  solvent  which   has   percolated   through   the   flowers   in   fi   is 
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Fio.  1. — Continuous  extraction  ap- 
paratus. A,  Ueceivin«;  vessel ;  B, 
percolator ;  C,  condenser ;  D, 
bath;  E,  union;  F,  cover;  Q, 
tube ;  H,  union  ;  J,  drain  cook ; 
A',  glass  tube. 
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vaporized  and  driven  up  through  the  tube  G  (which  should  be  coverec 
with  asbestos  to  prevent  radiation)  and  into  the  percolator,  thence 
into  the  condenser,  where  the  vapors  are  condensed  and  drop  bad 
into  the  material.  A  continuous  extraction  is  thus  obtained  with  i 
minimum  quantity  of  solvent. 

For  the  final  recovery  of  the  solvent  from  A^  the  apparatus,  aftei 
cooling,  is  disconnected  at  H  and  a  screw  cap  attached  to  the  necls 
of  A.  The  tube  G  is  disconnected  at  the  union  E^  which  may  be  con- 
nected with  the  condenser  in  proper  position,  and  heat  applied  to  Z>. 
The  excess  of  the  solvent  is  completely  recovered  in  this  manner,  the 
resultant  oil  or  perfume  being  drained  off  by  opening  the  cock,  J. 

The  chief  disadvantage  of  an  apparatus  of  this  type  is  its  narrow 
field  of  usefulness,  which  is  practically  restricted  to  the  separation 
of  perfume  from  flowers.  When  this  apparatus  is  used  for  the 
extraction  of  other  parts  of  the  plant  which  may  contain  aromatic 
substances,  the  oil  is  liable  to  be  contaminated  by  resins,  waxes,  etc., 
which  would  be  extracted  with  the  perfume  by  the  solvent  used.  In 
order  to  purify  further  the  crude  oil  obtained,  steam  distillation  must 
be  resorted  to,  in  which  case  the  delicate  quality  of  the  perfume 
obtained  by  the  cold  extraction  would  probably  suffer  slight  changes 
induced  by  the  steam. 

EXTRACTION    WITH   LIQUID  FATS. 

The  process  of  extraction  with  liquid  fats  is  comparatively  simple 
and  depends  upon  the  ability  of  a  liquid,  fatty  oil  to  absorb  the  odors 
from  flowers.  For  this  purpose  olive  oil,  lard,  or  other  bland  fixed 
oils  may  be  advantageously  used.  The  oil  is  placed  in  a  kettle  or  vat 
(preferably  porcelain  lined)  and  heated  to  a  temperature  of  40°  to 
60°  C. ;  the  flowers  to  be  extracted  are  then  introduced  either  directly 
into  the  fatty  oil  or  inclosed  in  coarse  bags  and  suspended  in  the  fat 
The  material  is  maintained  at  this  temperature  for  a  time  varying 
from  one-fourth  to  one  and  one-half  days,  when  the  mixture  is  eithi 
drained  to  remove  the  flowers  or  the  bags  are  removed  and  expn 
and  recharged  with  fresh  material.  In  this  manner  a  perfumed  oil 
produced  from  which  the  perfume  may  be  extracted  by  shaking  oi 
with  strong  alcohol,  in  which  the  odor  is  soluble  and  the  fat  insolubl 
The  fatty  oil,  which  still  retains  traces  of  the  flowery  fragrance,  mi 
be  used  for  further  extraction  of  the  same  flowers. 

This  method  of  maceration  in  liquid,  fatty  oil  is  carried  on  to  soi 
extent  in  the  perfume  gardens  of  southern  France  and  German] 
where  perfumed  oils  are  largely  manufactured  from  such  flowers 
rose,  jasmine,  violet,  tuberose,  cassie,  etc. 

The  extraction  by  maceration  is  advantageous  because  of  its 
of  operation  and  manipulation,  but  owing  to  the  fact  that  heat 
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Beoessary  for  the  rapid  absorption  of  the  perfume,  another  method 
in  which  the  fat  is  used  as  a  cold  absorbing  medium  has  been  devised 
and  used. 

EXTBACTION  WITH  SOLID  FATS. 

The  piDcess  of  absorption  of  perfumes  in  cold  by  means  of  fats, 
the  "  enfleurage ''  process,  has  long  been  used  for  the  extraction  of  the 
more  delicate  odors,  and  is  possibly  more  universally  used  than  any 
other  process  for  the  preparation  of  certain  flower  odors. 

The  great  avidity  with  which  some  solid  fats  absorb  aromatic  sub- 
stances is  the  basis  of  the  method.  Odors  of  nearly  every  description 
are  absorbed  by  neutral  solid  fats  when  the  latter  are  placed  adjacent 
to  or  in  contact  with  the  odoriferous  substances. 

The  enfleurage  process,  which  is  based  upon  this  peculiar  property 
of  fats,  was  originally  carried  out  by  spreading  freshly  picked  flow- 
ers upon  a  thin  layer  of  lard  spread  upon  glass  plates,  the  flowers 
being  allowed  to  remain  in  contact  with  the  lard  until  exhausted, 
when  the  apparatus  was  charged  with  fresh  flowers.  In  this  manner 
a  perfumed  pomade  was  produced  containing  the  natural  odor  of  the 
flowers. 

For  effecting  a  separation  of  the  perfume  from  the  solid  fat,  which 
18  desirable  in  some  cases,  advantage  is  taken  of  the  comparative 
insolubility  of  the  fat  in  strong  alcohol  and  the  ready  solubility  of 
the  perfume.  Therefore,  in  preparing  the  pure  perfume,  the  per- 
fomed  pomade  is  thoroughly  arid  repeatedly  agitated  with  alcohol,  an 
alcoholic  extract  or  perfumed  essence  resulting.  This  resulting 
extract  is  sometimes  employed  as  such  for  producing  delicate  scents. 
In  order  to  obtain  the  pure  oil  from  the  alcoholic  extract,  the  alcohol 
is  evaporated  carefully  Jn  a  vacuum,  the  concentrated  oil  or  perfume 
of  the  flowers  remaining.  These  concentrated  oils,  although  often 
rather  unpleasant  in  odor  in  extreme  concentrations,  produce  an 
exquisite  aroma  when  diluted. 

The  crude  process  of  enfleurage  just  mentioned  has  been  largely 
modified  in  recent  years  in  order  to  promote  rapidity  of  operation,  to 
protect  against  loss  of  odor  by  nonabsorption,  and  to  obviate  the  actual 
eontact  of  the  flowers  with  the  lard.  When  the  flowers  are  in  actual 
contact  with  the  lard  there  is  a  tendency  toward  the  absorption  of 
undesirable  substances. 

A  practical  apparatus  of  this  nature  (fig.  2)  consists  of  a  box, 
U^  about  2  feet  square  and  6  feet  high,  so  constructed  as  to  be  prac- 
tically air-tight.  In  the  lower  portion  of  the  box,  which  is  supported 
about  2  feet  above  the  floor,  is  placed  a  layer  of  sponges,  ff ,  or  other 
porous  material  capable  of  holding  moisture.  The  bottom  of  the 
^Kmge  tray  may  be  constructed  of  light  copper  gauze  or  brass  gauze 
to  permit  the  free  access  of  air.    Directly  above  are  located  the  flower 
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trays,  J.,  J?,  (7,  />,  and  Ej  which  also  have  brass  or  tinned-iron  screens 
gf  rather  coarse  mesh  for  bottoms.  The  sides,  fronts,  and  backs  of 
trays  may  be  of  wood.  The  trays  may  readily  be  placed  in  or  taken 
out  of  the  absorption,  box  when  refilling  is  necessary.  Immediately 
above  the  flower  trays  are  located  a  series  of  glass  plates  so  con- 
structed that  they  may  be  readily  taken  from  the  box  and  replaced. 

The  absorbing  medium,  lard  or  other  solid 
fat,  is  spread  in  a  layer  about  one-half  inch 
in  thickness  upon  each  glass  plate,  which  is 
placed  in  its  proper  position.  The  front 
portion  of  the  apparatus  must  be  supplied 
with  a  tight-fitting  door  (not  shown  in  the 
illustration)  capable  of  being  opened  or  re- 
moved to  admit  of  charging  and  discharging 
the  fat  and  flowers.  When  the  flower  trays 
have  been  charged  with  the  freshly  picked 
flowers  and  the  door  closed  firmly  a  current 
of  air  is  made  to  pass  upward  through  the 
sponges  and  the  flowers  and  the  lard-laden 
tray,  a  more  efficient  circulation  being  pro- 
duced by  the  alternating  arrangement  of 
glass  plates.  The  odor-bearing  air  as  it 
passes  over  the  lard  readily  surrenders  its 
perfume,  which  can  be  subsequently  ex- 
tracted from  the  lard.  A  small  fan  may  be 
placed  at  the  top  of  the  apparatus  or  a 
blower  at  the  bottom  to  produce  the  required 
movement  of  the  perfume-laden  air.  The 
current  should  be  regulated  so  that  absorp- 
tion is  completely  effected  in  its  upward 
journey. 

^Vhen  retained  in  fresh  condition,  flowers 
hold  their  aroma  and  even  secrete  perfunw 
for  a  longer  period  of  time  than  if  allowec 
to  wilt  and  dry ;  hence  the  moistened  sponge 
in  the  bottom  of  the  apparatus.  Some  flow 
ers  are  even  known  to  continue  to  secrett 
perfume  if  left  in  moistened  air.  The  aii 
drawn  through  the  apparatus  is  moistun 
laden  and  therefore  produces  the  best  yield  of  perfume  from  tb 
flowers. 

The  operation  of  the  above  contrivance  may  be  continued  witl 
only  such  interruption  as  is  required  for  recharging  with  fresl 
flowers  when  pnictically  all  odor  has  been  drawn  off.  After  th( 
lard  has  been  thoroughly  charged,  the  perfume  held  in  solution  h 
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Fig.  2. — Apparatus  for  treat- 
ing flowers  by  the  enfleur- 
ape  process.  A,  B,  C,  D,  E, 
Flower  trays ;  F,  exit ;  O, 
sponge  tray;  H  (1-18), 
glass  plates. 
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separated  by  a  thorough  agitation  of  the  pomade  with  strong  alco- 
hol, preferably  by  means  of  a  shaking  or  churning  device  in  which 
the  pomade  is  continually  agitated  and  beaten  in  order  to  expose  the 
laigest  surface  possible  to  the  solvent  action  of  the  alcohol.  There 
results  from  this  extraction  operation  an  alcoholic  extract  of  the 
flowers  which  possesses  the  natural  odor  to  a  very  high  degree.  Be- 
cause of  the  fact  that  no  heat  is  necessary,  the  resulting  exjtract  is  far 
superior  to  an  extract  prepared  by  the  process  of  heating  with  liquid 
fats. 

It  is  to  be  remembered,  however,  that  the  yield  of  perfume  from 
some  of  the  more  delicate  flowers,  such  as  violet,  cassie,  tuberose, 
jasmine,  etc.,  is  rather  small,  which  accounts  largely  for  the  ex- 
ceedingly high  prices  of  the  extracts  or  pomades  of  these  flowers. 

Usually  it  is  impossible  to  extract  the  odor  from  the  pomade  com- 
pletely, even  when  extracted  successively  with  fresh  portions  of 
ileohoL  The  fat  after  extraction  still  retains  the  characteristic 
iTMna  and  may  be  used  in  this  form  or  may  be  again  spread  upon 
the  glass  ftnd  utilized  for  further  absorption  from  the  same  kind 
of  flowers. 

The  amount  of  labor  required  for  this  work  is  necessarily  large 
when  the  fact  is  taken  into  consideration  that  the  flowers  require  hand 
picking.  The  time  consumed  by  the  entire  process  from  the  picking 
of  the  flowers  to  the  finished  extract  is  also  very  considerable.  How- 
over,  the  quality  and,  consequently,  the  prices  of  these  exquisite  odors 
usually  offset  unfavorable  conditions  of  labor  and  time  in  regions 
where  this  industry  is  carried  on  commercially. 

« 

SEPARATION  OP  PERFUMES  BY  EXPRESSION. 

Another  class  of  volatile-plant  products  already  cited  is  so  localized 
m  the  plant  as  to  admit  of  the  extraction  of  the  oil  by  a  different  yet 
extremely  simple  process.  The  class  of  products  referred  to  includes 
the  citrus  fruits,  namely,  the  lemon,  orange,  bergamot,  and  other 
related  fruits.  Owing  to  the  fact  that  the  oil  contained  in  these 
fruits  is  deposited  in  the  outer  portion  of  the  peel  and  is  therefore 
very  accessible,  the  method  of  expression  is  peculiarly  adapted  to  the 
citrus  fruits  and  products. 

There  are  several  methods  applicable  to  the  extraction  of  the  oil 
from  the  peel  of  the  lemon,  orange,  and  bergamot,  all  of  which,  how- 
ever, embody  the  same  principle,  namely,  the  rupturing  or  breaking 
of  the  glands  containing  the  oil  and  the  collecting  of  the  oil  after  it 
has  been  released. 

In  the  method  known  as  "6cuelle  a  piquer,"  the  rinds  of  the 
lemons  are  rubbed  in  hollow  cups  (^cuelle,  fig.  3)  lined  with  sharp 
points,  which  lacerate  the  oil  glands  and  allow  the  oil  to  exude. 
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This  method  has  been  largely  displaced  by  the  simple  expression  of 
the  oil. 

Owing  to  the  ease  with  which  the  peels  of  the  fruits  liberate  the 
oil,  a  method  of  expresaiwi  is  applied  very  conveniently  to  the  sepa- 
ration of  the  oil.  Usually  the  peels  from  half  sections  of  the  fruit 
are  turned  inside  out  and  pressure  brought  to  bear  on  the  outer  sur- 
face in  such  a  manner  as  to  rupture  a  large  majority  of  the  oil  vessels. 
The  oil  thus  liberated  is  collected  upfm  a  sponge,  which  absorbs  it 
and  friMn  which  it  is  subsequently  squeezed.  By  this  method,  known 
as  the  "  sponge  method,"  the  larger  part  of  the  oils  of  the  lemon,  the 
orange,  and  the  bergamot  is  extracted,  the  operation  being  carried  (» 
usually  at  night,  when  other  activities  in  the  fruit  work  are  at  • 
standstill. 

Expression  by  the  sponge  method  is  far  from  complete  because  of 
inability  to  bring  pressure  upon  every  portion  of  the  peel;  hence, 
after  the  "  hand-pressed  "  oils,  which 
are  generally  conceded  to  be  the  besi 
grade,  are  obtained  the  peels  are  pl&ced 
f^  in  a  power  press  or  in  a  crude  still  and 
the  remaining  oil  is  separated.  This 
latter  forms  a  secondary  oil  of  com- 
merce, generally  considered  to  be  much 
inferior  to  the  sponged  oil. 

The  use  of  a  mechanical  device  fw 
rupturing  lemons  and  bergamots  and 
for  expres-sing  the  oil  from  them  bss 
been  introduced  into  some  producing 
districts  of  Europe.  However,  only  a 
Fia.  3.— Ecueiic  foe  lacenitiDs  the    Small  percentage  of  the  oils  is  extracted 

most  usually  adopted. 
■WTiether  the  process  of  steam  distillation,  which  will  be  discussed 
later,  if  somewhat  modified  would  produce  a  grade  of  oil  equal  to  the 
hand-pressed  oil  is  doubtful.  At  any  rate,  the  oil  containing  only 
traces  of  compounds  capable  of  decomposition  at  the  usual  tempera- 
ture of  stenm,  it  should  not  be  greatly  inferior,  production  by  this 
method  would  be  easier,  and  its  cost  would  be  materially  less. 

SEPARATION  OF  PERFUMES  BT  STEAM  DISTIU^TION. 

A  simple  still,  which  consists  essentially  of  three  parts,  the  still 
body,  the  condenser,  and  the  receiver,  with  a  suitable  means  of  apply- 
ing direct  heat  to  the  still  body,  containing  material  suspended  in 
water,  was  used  early  in  the  eighteenth  century.  Even  at  the  present 
time  many  smaller  distillations  are  still  carried  on  with  this  form  of 
apparatus.     The  chief  disadvantage  of  this  type  of  still  lies  in  the 
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fact  that  the  heat,  being  applied  directly,  has  a  tendency  to  char  or 
bum  the  materials  adjacent  to  the  bottom,  and  thus  appreciably  affect 
the  quality  of  the  aromatic  product  distilled  over. 

This  method  has  been  largely  superseded  in  modern  times  by  dis- 
tillation with  steam,  the  principles  of  which  depend  upon  the  prop- 
erty of  the  steam  as  it  passes  through  the  charged  apparatus  to 
carry  with  it  the  volatile  portion  of  the  plant  in  the  form  of  vapors, 
which  are  condensed,  together  with  the  excess  of  watery  vapor,  and 
deposited  in  the  receiving  vessel.  The  three  steps  in  the  process  are 
(1)  the  distilling,  (2)  the  condensing  of  the  vapors,  and  (3)  the  col- 
lecting of  the  oil.  Even  though  the  boiling  points  of  the  volatile 
oils  separated  by  distillation  from  plants  may  be  considerably 
higher  than  the  temperature  of  steam,  the  odors  are  readily  liberated 
by  the  passing  steam  and  carried  over. 

APPARATUS. 

The  apparatus  required  for  the  three  processes  which  collectively 
constitute  steam  distillation  is  of  comparatively  simple  construction, 
consisting  of  (1)  a  still,  (2)  a  still  head  (cover  for  body),  (3)  a  con- 
denser, and  (•!:)  a  receiver. 

The  body  of  the  still,  or  the  receptacle  In  which  is  placed  the 
material  from  which  the  oil  is  to  be  extracted,  gives  best  results  when 
cylindrical  in  form  and  may  be  constructed  of  various  materials, 
preferably  copper.  However,  some  stills  are  made  with  wooden 
bodies.  Galvanized  iron  heavily  tinned  on  the  interior  is  a  suitable 
material,  principally  because  of  its  cheapness  and  durability.  The 
still  may  be  constructed  of  any  size  desirable,  provided  the  other 
parts,  the  condenser  and  the  receiver,  are  in  proportion,  depending 
upon  the  amount  of  material  to  be  used  and  the  extent  of  production 
desired. 

In  figure  4,  A  represents  the  still,  B  the  still  head,  or  cover,  C  the 
condenser,  and  D  the  receiver.  Through  the  side  of  the  still  at  the 
point  E  passes  a  galvanized  steam  pipe  from  three-fourths  to  1 
inch  in  diameter,  extending  downward  and  finally  terminating  in 
the  middle  of  the  still,  as  shown'  by  the  dotted  line.  A  spigot,  Fy 
is  attached  to  the  bottom  of  the  still  for  draining  the  collected  water 
from  the  apparatus.  .  About  3  inches  from  the  bottom  of  the  still  is 
placed  a  coarse  screen,  //,  fastened  to  a  wooden  frame,  which  acts 
as  a  support  for  the  herb  or  plant  part  to  be  distilled.  Encircling 
the  top  of  the  still  is  an  iron  collar,  which  may  be  conveniently  con- 
structed of  angle  iron,  to  which  the  copper  or  the  metal  is  securely 
attached. 

The  still  head,  or  cover,  J5,  is  of  the  same  material  as  the  still  and 
is  slightly  conical  in  shape,  with  an  exit  tube  terminating  in  a  union, 
at  which  point  connection  may  be  made  with  the  condenser.    Arou'" 
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(he  periphery  of  the  cover  is  securely  fastened  a  flat  collar  of  iron 
of  the  same  diameter  as  the  angle  '.ron  used  on  the  top  of  the  still, 
so  that  with  the  cover  in  place  the  two  will  exactly  coincide. 


The  condenser,  (7.  as  shown  in  figure  4,  consists  of  a  group  of 
tubes  (inside  diameter  one-half  to  1  inch,  depending  upon  the  size 
of  the  condenser)  surrounded  by  an  outside  jacket  fitted  with  w 
inlet  tube  at  the  bottom  and  an  outlet  tube  at  the  top,  to  enable  cola 
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water  to  pass  continually  through  the  condenser  in  an  upward  direc- 
tion. The  condenser  is  attached  to  the  still  by  means  of  the  union 
joint,  as  illustrated. 

The  tripod,  G^  acts  as  a  support  for  the  condenser  while  the  appa- 
ratus is  in  operation  and  also  while  the  still  is  being  charged  or  dis- 
charged. Under  the  bottom  opening  of  the  condenser  is  placed  a 
receiver,  Z>,  of  copper,  with  a  goose-neck  siphon  tube  extending  from 
the  bottom  to  within  2  inches  of  the  top.  On  the  side  opposite  the 
siphon  tube  is  fastened  a  small 
brass  spigot  to  admit  the  removal 
of  the  oil  from  time  to  time. 

For  the  generation  of  steam,  if 
a  source  is  not  otherwise  available, 
a  small  boiler,  such  as  is  illus- 
trated  in  figure  5,  may  be  con- 
veniently  used.  A  small  boiler, 
il,  of  light  boiler  iron  fitted  with 
about  a  dozen  flues  is  capped  by 
the  cover,  B,  Other  usual  acces- 
sories are  attached,  viz,  water 
gauge,  67/  pop  valve,  D;  water 
gauge,  E ;  and  steam  outlet,  F. 
The  boiler  may  be  preferably  set 
upon  a  gasoline  stove  or  an  open- 
fire  stove  or  on  a  tripod  with  an 
open  fire  beneath.  The  pop  valve 
may  be  set  at  about  8  to  10  pounds, 
no  greater  pressure  being  neces- 
sary. To  replenish  the  water  in 
the  boiler  a  funnel  tube  attached  to 
the  pop  valve  may  be  used.  Con- 
nection to  the  still  is  made  most 
conveniently  by  the  attachment  of  a  short  piece  of  rubber  steam  hose 
to  F,  as  this  admits  a  ready  detachment  from  the  still  when  distilla- 
tion is  completed.  A  pressure  of  5  to  10  pounds  of  steam  is  sufficient 
for  ordinary  distillation.  The  size  of  the  boiler  may  be  slightly 
increased  if  distillation  is  to  be  conducted  on  a  larger  scale. 

The  boiler  just  described  possesses  efficiency  enough  to  distill 
charges  of  75  to  150  pounds  of  herb. 

For  distillation  on  a  commercial  scale  a  large,  stationary,  upright 
boiler  may  be  installed  for  the  generation  of  steam,  or,  if  conven- 
ient, steam  may  be  taken  from  any  high-pressure  boiler  which  may 
be  in  use  for  other  purposes.  The  volume  necessary  being  very 
slight,  indeed,  is  scarcely  perceptible  upon  the  steam  gauge. 
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Fio.  6. — Steam  generator.  A,  Boiler;  B, 
coTer ;  C,  steam  gauge ;  D,  pop  yalve ;  E, 
water  gauge;  F,  steam  outlet. 
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« 

METHOD  OF  OPERATION. 

To  charge  the  still,  place  the  false  bottom  in  the  still  and  pack  the 
herb  firmly  until  completely  filled.  Place  a  gasket  of  asbestos  rope, 
heavy  cotton  wicking,  or  other  suitable  material  (previously  mois- 
tened) around  the  top  of  the  still.  Place  the  cover  upon  the  mois- 
tened gasket  and  clamp  securely  with  heavy  steel  clamps.  Connect 
the  exit  pipe  from  the  top  of  the  still  to  the  condenser  by  means  of 
the  union,  as  indicated  in  the  diagram.  Now  conduct  steam  into  the  still 
through  the  inlet  pipe,  E^  slowly  at  first,  and  regulate  afterwards  so 
that  the  distillate  passing  from  the  end  of  the  condenser  is  cold  or 
but  very  slightly  warm.  The  receiving  vessel,  Z>,  should  be  previously 
filled  three-fourths  full  of  water  and  placed  under  the  exit  from 
the  condenser.  Likewise,  the  cold  water  is  started  flowing  through 
the  condenser,  as  indicated  by  the  arrow.  .  Frequently  the  oil  may  be 
led  from  the  receiver  by  opening  the  cock  on  the  side.  However, 
owing  to  the  siphon  tube  attached  to  the  receiver,  overflowing  is 
impossible,  since  this  tube  carries  off  the  water  which  separates  in 
the  bottom  of  the  receiver.  To  ascertain  when  distillation  is  com- 
pleted a  few  drops  of  the  distillate  as  it  comes  from  the  condenser  are 
collected  in  a  glass  test  tube.  The  appearance  of  oily  globules  on  the 
surface  readily  indicates  whether  appreciable  quantities  of  oil  are 
still  passing  over.  Usually  a  distillation  is  completed  in  from  one 
and  one-half  to  two  and  one-half  hours. 

The  advantage  of  steam  distillation  over  other  methods  of  volatile- 
oil  extraction  lies  principally  in  its  wide  applicability  and  speed  of 
operation.  Most  plants  or  plant  parts,  with  the  exception  of  the 
flowers  in  some  few  cases,  may  be  extracted  most  readily  and  most 
expeditiously  and  with  a  minimum  amount  of  labor  by  the  steam- 
distillation  method.  The  simplicity  of  the  operation  is  obvious. 
The  removal  of  the  oil  is  much  more  complete  than  by  any  other 
process.  Furthermore,  there  is  produced  as  a  by-product  during  the 
distillation  an  aqueous  distillate  which  is  completely  saturated  with 
the  oil.  The  aqueous  distillate  may  in  many  instances  be  utilized 
and  sold  as  an  "aromatic  water"  of  commerce,  especially  in  such  cases 
as  lavender,  orange  flowers,  rose,  etc.  The  aromatic  waters  possess 
excellent  odors,  largely  because  of  the  extreme  dilution  of  the  odorous 
compounds  held  in  solution,  and  are  useful  in  the  perfumery  and 
toilet-preparation  industries.  When  the  aqueous  distillate  from  the 
plant  has  no  marketable  value,  it  may  be  profitably  collected  and  re- 
turned to  the  boiler.  In  case  of  a  further  distillation  of  the  same 
plant  it  will  materially  add  to  the  yield  of  oil,  since  the  distillate  is 
a  saturated  solution  of  the  oil.  Many  oils  are  extremely  soluble  in 
water.  Distillates  from  oils  of  this  class  usually  augment  consid- 
erably the  yield  of  oil  when  returned  to  the  boiler  and  transformed 
into  steam  and  oil  vapors. 
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The  spent  herb,  which  on  a  large  scale  amounts  to  no  inconsiderable 
quantity,  may  be  used  as  fuel  and  the  ash  used  as  fertilizer,  or  it 
may  be  scattered  upon  a  field  and  plowed  under  as  a  mulch.  In 
some  cases  the  spent  herb  serves  as  a  useful  stock  food,  an  example  of 
which  is  the  peppermint  grown  in  Michigan. 

The  advantages  far  outnumber  the  disadvantages  of  the  distilla- 
tion method,  the  only  disadvantage  being  the  possibility  of  slight 
decomposition  of  the  ester  bodies  in  some  of  the  more  delicate  per- 
fumed plants.  However,  this  is  only  slight  and  almost  negligible 
in  most  herbs. 

HANDLING  OF  VOLATILE  OILS. 
PURIFICATION. 

The  volatile  oil  as  it  comes  from  the  still  is  in  a  crude  state,  being 
contaminated  by  volatile  substances  which  are  formed  during  the  dis- 
tilling process  by  the  action  of  the  steam  upon  the  less  stable  plant 
constituents,  decomposing  them  into  volatile  organic  substances, 
which,  although  trifling  in  quantity,  nevertheless  tend  to  affect  the 
color,  odor,  and  taste  of  the  oil. 

The  chemical  changes  taking  place  in  the  still  are  numerous,  the 
more  important  being  oxidation  and  reduction  of  some  of  the  con- 
stituents of  the  oil,  as  well  as  of  the  other  plant  constituents,  saponi- 
fication of  the  more  unstable  esters,  and  resinification  brought  about 
by  a  polymerization  of  certain  plant  constituents,  all  of  which  aid  in 
forming  volatile  substances  which  mingle  with  the  oil. 

Although  a  process  of  purification  is  not  always  applied  to  these 
crude  oils,  it  is  important  and  sometimes  highly  profitable  to  subject 
the  crude  product  to  a  process  of  rectification.  By  rectification  is 
oeant  a  redistillation  of  the  oil  with  steam,  this  procedure  affecting 
1  moderate  separation  of  the  undesirable  substances  which  may  have 
been  formed.  The  substances  which  detract  from  the  odor  of  the 
oil  are  usually  left  behind  in  the  apparatus  as  a  heavy,  malodorous 
Bqoid  slightly  resinous  in  character.  Rectification  usually  results 
in  a  fine,  finished  product,  free  from  foreign  odors,  and  leaves  an 
wl  much  more  presentable  in  color  as  well  as  in  odor  and  taste. 

This  process  may  be  conducted  in  a  miniature  still  built  on  the 
ame  general  plan  as  the  large  commercial  still.  The  loss  in  the 
iiDount  of  oil  is  more  than  compensated  for  by  the  better  quality 
and  the  increased  salability  of  the  rectified  oil. 

SEPARATION,  FILTRATION,  AND  DRYING. 

To  separate  the  oil  from  the  aqueous  distillate  in  the  receiving 
Teasel,  the  portion  which  has  not  been  separated  by  means  of  the 
slop  cock  on  the  side  of  the  receiver  is  poured  into  a  separating  f un- 
»1  of  glass  and  the  heavier  liquid  drawn  off.    The  oils  resulting  from 
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different  distillations  of  the  same  plant  are  then  united  and  sub- 
jected to  filtration,  which  process  tends  to  separate  any  solid  particles 
or  emulsion  of  oil  and  water.  Filtration  is  conveniently  effected  by 
pouring  the  oil  into  a  glass  funnel  which  has  been  fitted  with  a  fil- 
tering medium,  such  as  filter  paper  (an  unsized,  porous  paper)  or 
cotton.  When  cotton  is  used  as  a  filtering  medium  a  small  tuft  may 
be  fitted  loosely  into  the  neck  of  the  funnel  and  oil  poured  upon  it. 
Usually  filtration  takes  place  more  rapidly  through  cotton  than 
through  paper  and  with  much  less  loss.  Rapidity  of  filtration  is 
essential  to  minimize  the  possibilities  of  changes  taking  place  in  the 
oil  by  oxidation,  since  the  oil  is  more  or  less  exposed  to  the  action 
of  the  air  and  light  while  undergoing  this  clarifying  process.  Hence 
cotton  is  to  be  recommended. 

Just  as  the  water  that  comprises  the  aqueous  distillate  is  a  saturated 
solution  of  the  oil,  so  the  oil  which  floats  above  the  distillate  is  satu- 
rated with  water.  Usually  it  is  of  prime  necessity  that  the  moisture 
be  removed  from  all  oils,  first,  because  of  the  subsequent  changes  that 
are  likely  to  occur  if  moisture  is  present,  and,  second,  because  of 
the  turbidity  which  water  imparts  to  the  oil.  Hence,  after  filtration 
through  cotton  the  oil  should  be  dried  by  shaking  in  a  bottle  with  a 
dehydrating  substance,  such  as  anhydrous  calcium  chlorid  or  anhy- 
drous sodium  sulphate,  preferably  the  latter,  owing  to  its  lack  of 
action  upon  the  constituents  of  the  oils.  The  crude  sodium  sulphate 
(Glauber's  salts)  may  be  dehydrated  by  heating  it  in  a  vessel  over 
direct  heat,  with  constant  stirring  until  a  dry,  grayish  powder 
results.  But  a  small  quantity  is  necessary  to  abstract  the  moisture 
from  an  oil.  After  the  oil  has  been  dried  it  is  again  filtered  through 
a  light  plug  of  cotton.  A  clear  and  transparent  oil  finally  results, 
bearing  in  every  way  the  appearance  of  a  marketable  oil. 

PRESERVATION. 

Many  constituents  of  volatile  oils  are  of  such  a  nature  that  unless 
the  strictest  precautions  are  observed  in  storing  the  oils  chemical 
decomposition  takes  place,  causing  them  to  change  in  both  odor  and 
color,  thereby  reducing  the  quality  and  value.  The  esters  of  an  oil 
(combinations  of  organic  acids  with  alcohols)  are  very  prone  to 
decomposition,  as  are  also  many  aldehydes  and  hydrocarbons,  which 
either  through  saponification,  hydration,  oxidation,  reduction,  or 
polymerization  become  totally  different  substances.  These  chemical 
processes  are  usually  stimulated  by  the  action  of  light  and  air  upon 
the  oils.  Therefore,  in  order  to  guard  against  these  changes  and  to 
minimize  them  as  much  as  possible,  the  strictest  attention  should  be 
paid  to  the  proper  bottling  and  storage  of  the  oils. 
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It  is  of  the  utmost  importance  that  all  oils  should  be  placed  in 
bottles  which  are  well  filled.  The  absence  of  air  is  of  the  greatest 
importance  in  insuring  the  preservation  of  an  oil.  The  oxygen  of 
(he  air,  assisted  by  light,  becomes  extremely  energetic  in  bringing 
about  some  of  the  changes  previously  mentioned.  It  is  therefore  of 
import  that  the  oils  be  kept  not  only  in  well-filled,  tightly  stoppered 
bottles,  but  in  a  dark  place.  It  is  sometimes  convenient  and  advisable 
to  use  amber-colored  bottles  in  order  to  prevent  the  entrance  of  the 
actinic  rays  of  light  which  are  so  active  in  causing  polymerization. 
A  cool  place  is  also  to  be  preferred  for  the  storage  of  volatile  oils. 

All  undue  exposure  of  oils  to  the  action  of  light  and  air  should  be 
avoided  as  much  as  possible.  It  is  necessary  that  an  oil  from  the 
time  it  leaves  the  receiving  vessel  after  distillation  or  rectification 
until  it  is  filtered,  dried,  and  bottled  should  be  handled  with  care  and 
dispatch  to  insure  a  product  of  the  best  quality  and  appearance. 

GBOWTH  AND  HABVESTIKG  OF  FEBFT7ME  FLANTS. 

CLIMATE   AND   SOIL. 

Up  to  the  present  time  the  cultivation  of  perfume-yielding  plants 
has  not  been  carried  on,  even  experimentally,  over  a  very  large  part 
of  the  United  States,  and  such  work  of  this  sort  as  has  been  done 
is  confined  to  but  a  few  kinds  of  plants.  Until  our  knowledge  along 
these  lines  has  been  very  much  increased  by  practical  attempts  to 
cultivate  this  class  of  products,  only  statements  of  probabilities  can 
be  made.  Howeier,  in  some  cases  plant  introductions  along  other 
lines  from  the  oil-yielding  countries  of  the  Old  World,  together  with 
information  as  to  conditions  of  climate  and  soil  in  those  regions,  give 
t  basis  for  surmise  in  connection  with  these  crops.  The  wide 
diversity  in  climate  and  soil  in  diflFerent  parts  of  the  United  States, 
with  the  varying  conditions  of  heat,  light,  and  moisture,  renders  it 
probable  that  some  portions  of  the  country  will  be  found  to  be  well 
fitted  for  the  cultivation  of  the  perfumery  plants  characteristic  of 
the  temperate  zones.  It  appears  probable  that  the  conditions  pre- 
vailing in  those  parts  of  Europe  associated  with  the  perfumery 
industry  can  be  fairly  well  duplicated.  It  will  doubtless  require 
much  experimental  work  to  find  the  particular  localities  best  suited 
to  special  plants. 

It  must  be  borne  in  mind,  however,  that  not  only  must  conditions 
of  soil  and  climate  be  right  but  that  the  labor  conditions  which  go 
with  the  problem  must  be  met  in  a  practical  way.  The  distance  of 
the  point  of  production  and  the  transportation  factors  are  also  im- 
portant and  might  be  decisive. 
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Some  work  on  perfumery-plant  growing  has  been  carried  on  in 
Florida,  notably  by  Mr.  E.  Moulie,  of  Jacksonville,  whose  experience 
has  been  distinctly  encouraging.  Experiments  by  Mr.  S.  C.  Hood 
with  a  number  of  oil-yielding  grasses  grown  in  the  testing  garden 
carried  on  by  the  Bureau  of  Plant  Industry  at  Orange  City,  Fla.,  give 
good  ground  for  hope  that  a  number  of  kinds  of  plants  able  to  endure 
a  little  freezing  weather  may  be  cultivated  with  good  results.  Cali- 
fornia and  the  arid  Southwest  oflfer  promising  conditions  for  plants 
which  thrive  in  dry,  sunny  locations.  Michigan,  Indiana,  and  New 
York  are  already  well  known  as  important  centers  for  the  production 
of  peppermint,  spearmint,  and  erigeron  oils,  while  Michigan,  Wiscon- 
sin, Nebraska,  and  other  States  in  the  north-central  part  of  the  country 
form  a  most  important  source  of  wormwood  oil.  Doubtless  other  oil- 
bearing  plants  now  on  trial  may  be  found  to  do  well  in  parts  of  the 
same  general  section.  American  wormseed  {ChenopodiuTu  spp.)  is 
distilled  in  Maryland  and  southward,  and  sassafras  is  distilled  in 
various  places,  especially  in  the  mountains,  from  Pennsylvania  south- 
ward. The  oils  of  wintergreen,  sweet  birch,  spruce,  and  white  cedar 
are  derived  from  the  more  northern  ranges  of  the  Atlantic  slope.  The 
mountainous  regions  of  Tennessee  and  Kentucky  supply  wintergreen, 
sweet  birch,  and  sassafras  oils. 

It  is  thus  apparent  that  a  number  of  native  and  introduced  plants 
rich  in  volatile  oils  have  obtained  foothold  on  a  commercial  basis 
in  this  country,  and  there  is  good  ground  to  hope  that  products  of 
this  general  class  now  obtained  from  abroad  may  in  time  become 
naturalized  here. 

GROWTH    AND    CULTIVATION. 

Several  methods  of  procedure  with  regard  to  the  propagation  and 
cultivation  of  volatile-oil  and  perfume-yielding  plants  are  to  be 
followed,  depending  largely  upon  the  nature  and  habitat  of  par- 
ticular species  of  plants.  Annual  plants  such  as  are  grown  from 
seeds  and  which  blossom  and  mature  the  same  year  are  rather  com- 
mon among  volatile-oil  plants. 

The  details  of  cultivation  and  handling  vary  somewhat  with  the 
crop  grown  and  are  a  matter  for  careful  field  study.  In  general, 
the  annuals  are  either  fall  or  spring  sown,  depending  upon  soil  and 
climate,  some  seeds  germinating  best  if  left  in  the  ground  over 
winter,  as  is  the  case  with  pennyroyal.  Row  culture  is  advisable  in 
order  to  secure  better  cultivation  and  a  consequent  freedom  from 
weeds. 

Perennials  are  in  some  cases  grown  well  from  seed,  as  caraway  and 
wormwood,  but  in  some  cases,  such  as  spearmint,  peppermint,  sage, 
rose,  and  lavender,  propagation  from  cuttings  or  roots  is  preferable. 
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The  method  of  handling  must  be  adapted  to  the  particular  plant  to 
be  grown. 

A  thorough  cultivation  of  the  field  is  necessary  to  eliminate  all 
weeds,  both  between  the  rows  and  in  the  rows  themselves.  This  is 
of  the  utmost  importance,  since  weeds,  although  as  a  rule  not  con- 
taining any  volatile  oil,  do  possess  volatile  substances  which  are  set 
free  by  the  steam  should  the  weeds  become  mixed  with  the  aromatic 
plaot.  A  contamination  of  the  oil  and  a  depreciation  in  the  aromatic 
tpialities  will  result  unless  the  material  is  kept  free  from  weeds  and 
other  rank  growths. 

HARVEST. 

Possibly  no  stage  in  the  cultivation  and  production  of  volatile  oils 
from  plants  is  of  greater  importance  than  that  of  the  proper  harvest- 
ing of  the  crop.  It  is  usually  conceded  that  most  perfume  plants 
reach  their  maximum  development  as  regards  odor,  both  in  quality 
and  quantity,  at  the  flowering  period.  On  the  other  hand,  many 
authorities  are  of  the  opinion  that  as  soon  as  a  plant  reaches  its  full 
flowering  period  there  sets  in  a  gradual  consumption  of  the  odorous 
principles ;  hence,  the  harvest  should  be  made  prior  to  this  consuming 
process. 

Experiments  recently  conducted  for  the  purpose  of  determining  the 
amounts  of  odorous  constituents  of  several  plants  present  at  various 
stages  of  development  seem  to  indicate  that  both  the  quality  and  the 
quantity  of  the  oils  vary  appreciably  during  their  successive  stages 
of  development,  but  no  evidence  was  obtained  to  show  that  consump- 
tion of  odor  took  place  during  flowering.  However,  it  was  proved 
that  the  odor  was  developed  during  the  advance  in  growth  and  the 
approach  of  the  flowering  period. 

Three  typical  plants  were  used  as  a  basis  of  experiment,  viz,  pepper- 
mint {Mentha  pipeinta)  ^hergeimot  mint  {Mentha  citrata)^  and  worm- 
wood {Artemisia  absinthium)^  the  oil  of  each  of  which  owes  its 
diaracteristic  fragrance  to  esters  which  admit  of  being  measured 
quantitatively  with  some  accuracy.  The  plants  were  grown  under 
like  conditions  and  distillations  conducted  at  three  well-defined  stages 
of  advancement,  namely,  (1)  before  flowering  (or  while  in  the  bud- 
ding state),  (2)  at  flowering,  and  (3)  after  flowering  (or  during  the 
fruiting  stage). 

The  effect  of  successive  stages  of  growth  upon  the  esters  and  the 
alcohol  only  will  be  considered  here,  although  other  constituents,  and 
especially  the  terpenic  compounds,  also  suffer  changes. 
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To  picture  more  clearly  the  results  of  the  experiments  and  the 
changes  observed  in  the  oils,  tabulations  were  made  as  follows : 

Table  I. — Yield  of  oil  and  changes  observed  in  plants  at  different  stages  of 

growth. 

PEPPERMINT  (MENTHA  PIPERITA). 


Stage  of  growth. 


Before  flowering  (July  22) 

At  flowering  time  (August  21 ) . 
After  flowering  (September  25) 


Yield  of 
oil. 


Ester  con- 
tent aa 
menthyl 
acetate. 


Percent. 
0.23 
.20 
.10 


Per  cent. 
9.5 
14.5 
24.0 


Aloobol 
content  as 
free  men- 
thol. 


Percent 
31.0 
23.6 
34.0 


BERGAMOT  MINT  (MENTHA  CITRATA). 


Stage  of  growth. 


Before  flowering  (July  20) 

At  flowering  time  (6eptember22) 
After  flowering  (October  14 ) . 


Yield  of 
oil. 


Per  cent. 
0.32 
.87 
.22  '. 


Ester  con- 
tent as 
linalyl 

acetate. 


Percent 
47.6 
55.0 
52.0 


Alcohol 

content  as 

linalool, 

free. 


PeremL 
7.8 
7.S 
5.6 


WORMWOOD  (ARTEMISIA  ABSINTIIITTM) 


Stage  of  growth. 


Before  flowering  (July  2) . . 
At  flowering  time  (July  14) 
After  flowering  (August  4) 


( 

Yield  of 
oil. 

Ester  con- 
tent as 
thojyl 
acetate. 

Percent. 
0.19 
.18 
.10 

Pier  cent 
26.0 
32.5 
47.5 

Alcob<d 

content  as 

thuiyl 

alconol, 

free. 


Per  cent. 
14.7 
11.7 
12.0 


It  is  obvious  from  these  results  that  in  two  cases,  with  peppermint 
and  with  wormwood,  the  aromatic  quality  of  the  oil,  if  measured  by 
the  percentage  of  esters,  is  increased  gradually  during  each  stage  of 
growth,  the  percentage  of  free  alcohol  remaining  fairly  constant.  In 
the  peppermint  the  oil  from  the  "  after-flowering "  stage  was  notice- 
ably more  fragrant  than  the  oils  from  the  two  earlier  stages.  The 
yield  of  oil  remains  fairly  constant  up  to  the  last  stage,  when  there 
is  a  marked  diminution.  The  plant  in  the  first  two  stages  is  very 
much  the  same  as  regards  moisture  content,  while  the  low  percentage 
of  oil  from  the  plant  after  flowering,  when  it  possesses  much  less 
succulency,  may  be  attributed  to  the  consumption  of  other  constitu- 
ents than  the  esters  and  alcohol.  This  applies  to  all  of  the  plants 
which  seem  to  follow  the  same  general  course  in  this  respect. 

The  oils  from  the  bergamot  mint  disclose  a  very  slight  decrease 
in  ester  content  and  alcohol  content  in  the  "  after-flowering "  stage. 
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The  decrease  is  so  slight,  however,  as  not  to  warrant  the  statement 
that  a  consumption  of  odor  has  occurred. 

It  must  be  understood  that  these  results  are  proposed  only  tenta- 
tively and  that  further  experiments  will  be  carried  on  to  prove  or 
disprove  the  conclusions  drawn. 

Employing  the  aforementioned  plants  as  typical  examples,  the 
harvest  period,  in  order  to  attain  a  maximum  yield  of  oil  with  a 
correspondingly  high  percentage  of  odorous  constituents,  should 
begin  as  soon  as  the  plant  is  fully  blossomed.  A  delay  of  the 
harvesting  until  the  "after-flowering"  stage  is  reached  apparently 
increases  somewhat  the  quality  of  the  odor,  but  this  increase  is  largely 
overbalanced  by  the  decrease  in  the  yield  of  oil,  which  is  of  para- 
mount importance  to  the  grower. 

The  proper  preparation  of  the  material  prior  to  distillation  is  not 
to  be  overlooked,  since  the  quality  and  the  quantity  of  the  oil  are 
varied  considerably  by  improper  handling  and  by  partial  or  com- 
plete drying  of  the  fresh  plant  before  it  enters  the-  still. 

To  illustrate  this  point  more  clearly,  practical  instances  will  be 
mentioned  to  show  the  effect  of  drying  upon  the  quality  and  the 
quantity  of  the  oil  from  plants.  The  three  examples  previously  men- 
tioned will  be  used  as  a  basis  for  the  comparison  of  the  oils  from 
fre^  and  dry  material.  In  order  to  obtain  a  rational  and  logical 
means  for  comparing  the  oils,  fresh,  green  plants  of  peppermint,  ber- 
gamot  mint,  and  wormwood  were  cut  during  the  height  of  their  blos- 
soming stage.  The  herb  in  each  case  was  divided  into  two  equal  parts, 
one  half  of  which  was  set  away  to  dry  and  the  other  half  distilled 
immediately.  The  oils  obtained  were  later  analyzed  for  the  esters 
and  the  alcohols,  and  the  results  obtained  are  presented  in  Table  II. 

Table  II. — Yield  of  oil  and  percentages  of  esters  and  of  alcohols  obtained  from 

fresh  and  from  dry  plants. 

PEPPERMINT   (MENTHA  PIPERITA). 


Condition  of  plant. 


Fkesh 
I>ry.. 


Date  of  distil- 
lation. 


Augiiflt ... 
December 


Yield  of 
oil. 


Percent. 

O1.50 

.55 


Menthyl 
acetate. 


Percent. 
10.6 
18.0 


Menthol. 


Percent. 
48 
47 


BERGAMOT  MINT   (MENTHA  CITRATA). 


Condition  of  plant. 


DateofdisUl- 
lation. 


Dry.. 


September. 
December . 


Yield  of 
oil. 


Per  cent. 

O1.30 

.75 


Linalyl 
acetate. 


Linalool. 


Per  cent. 
33.0 
51.8 


Percent. 
45 
43 
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Table  II. — Yield  of  oil  and  percentages  of  eaters  and  of  alcohols  obtained  frtrm 

fresh  and  from  dry  plants — Contliiiied. 

WORMWOOD   (ARTEMISIA  ABSINTHIUM). 


Condition  of  plant. 


Fresh 
Dry.. 


Dateofdiatil- 
laiion. 


August... 
December 


Yield  of 
oil. 


Percent. 

0.60 

.44 


Thujyl 
acetate. 


Percent 
32 
35 


Thoiyl 
alooboL 


PereaiL 
41 

1» 


These  data  with  respect  to  the  oils  from  fresh  and  dry  herbs  readily 
illustrate  that  during  the  drying  of  the  plants  certain  factors,  assisted 
by  exposure  to  air  and  light,  undoubtedly  bring  about  chemical 
changes  in  the  aromatic  constituents,  which  evidence  themselves  in 
the  final  analyses  of  the  oils. 

It  will  be  noted  that  the  yield  of  oil  decreases  631  P^r  cent  in  the  case 
of  peppermint,  while  the  percentage  of  decrease  of  oil  from  bergamot 
mint  is  nearly  43,  and  from  wormwood  about  27  per  cent.  These 
marked  decreases  are  in  part  due  to  the  long  period  of  drying,  but 
they  at  least  show  that  there  is  a  downward  tendency,  which  is  very 
natural  considering  the  volatility  of  the  constituents. 

In  all  three  cases  there  seems  to  be  an  increase  in  the  percentage  of 
esters,  with  a  decrease  in  the  percentage  of  alcohol,  in  the  dried  herb, 
the  chemical  changes  no  doubt  being  such  as  to  facilitate  the  produc- 
tion of  esters  and  to  break  down  the  alcohols.  Apparently  the  alco- 
hols seem  to  be  more  unstable,  condensing  with  the  organic  acids  in 
the  plant  under  favorable  conditions  of  heat,  light,  and  moisture  to 
form  esters.  This  latter  change  is  especially  noticeable  in  all  the 
oils,  the  dry-herb  oils  being  considerably  richer  in  esters  than  the 
fresh-herb  oils,  and  correspondingly  poorer  in  alcohols. 

In  order  to  produce  the  largest  yield  of  oil  from  a  given  quantity 
of  herb,  distillation  should  be  made  immediately  after  harvesting. 
There  is  no  noteworthy  advantage  in  drying  or  even  partially  drying 
the  plant,  since  the  longer  the  time  between  the  cutting  and  the  dis- 
tilling the  more  volatile  oil  will  be  lost  by  gradual  evaporation  or 
volatilization.  Although  the  quantity  of  oil  capable  of  being  carried 
off  into  the  air  by  simple  drying  seems  only  trifling,  nevertheless,  on 
a  large  scale  the  loss  would  be  considerable.  The  increased  propor- 
tion of  the  odoriferous  esters  in  the  oils  from  dry  herbs  is  insuflScient 
to  warrant  the  drying  of  the  plants  before  distillation,  because  of  the 
loss  of  oil  encountered  during  the  drying  process. 


VOLATILE   OIL   PLANTS   OF   THE   UNITED   STATES. 

At  the  present  time  the  number  of  plants  in  the  United  States 
yielding  volatile  oils  in  a  commercial  way  is  very  small,  but  the  nnm- 
ber  capable  of  yielding  oils  of  probable  value  is  correspondingly 
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great.  There  is,  in  fact,  a  large  number  of  odoriferous  plants  still 
uninvestigated  which  should  demand  consideration.  As  yet  but  little 
research  has  been  undertaken  which  would  tend  to  increase  the  num- 
ber of  valuable  aromatic  plants  now  being  utilized.  A  study  of  this 
particular  phase  of  the  subject,  coupled  with  the  introduction  of  for- 
eign species  into  the  United  States,  should  eventually  develop  some- 
what the  resources  of  the  country  along  this  important  line. 

Ctn/nVATESD  PLANTS. 

The  relatively  small  number  of  volatile-oil-yielding  plants  at  pres- 
ent under  cultivation  and  the  success  of  the  industry  based  on  these 
few  plants  should  be  sufficient  justification  for  widening  the  scope  of 
our  efforts. 

The  cultivated  plants  at  the  present  time  are  principally  the  mints, 
peppermint  and  spearmint,  together  with  small  quantities  of  such 
plants  as  wormwood,  tansy,  and  wormseed. 

The  distillation  of  peppermint  *  and  spearmint  in  the  United  States 
dates  back  to  1816.  when  the  peppermint  plant  was  first  cultivated  for 
the  production  of  the  oil  in  New  York,  followed  somewhat  later  by 
spearmint.  The  cultivation  gradually  spread,  until  at  present  the 
center  of  the  industry  is  in  Michigan,  with  limited  production  in 
Indiana. 

The  cultivation  in  New  York  and  Michigan  has  decreased  recently, 
owing  to  a  slight  oversupply,  which,  however,  is  probably  only  tem- 
porary. Peppermint  and  spearmint  are  possibly  more  largely  dis- 
tilled in  the  United  States  than  any  other  oils  at  the  present  time, 
excluding  such  plants  as  grow  wild  and  which  produce  large  quan- 
tities of  oil,  notably  the  turpentine-yielding  pines. 

The  wormwood  plant  {Artemisia  ahsinthium)^  although  introduced 
from  Europe,  has  been  cultivated  to  some  extent  commercially  in 
Wisconsin,  Michigan,  New  York,  and  other  North-Central  States. 
The  distillation  of  the  oil  has  been  conducted  with  a  certain  degree 
of  success,  the  yield  from  fresh,  flowering  herbs  being  from  one-third 
to  one-half  of  1  per  cent.  It  is,  however,  questionable  whether,  in 
the  light  of  the  recent  European  agitation  against  wormwood,  this 
plant  will  continue  to  be  cultivated  for  its  oil  to  the  same  extent  as 
in  the  past. 

The  herb  tansy  {Tanacetum  vulgare)  is  grown  for  its  oil  in  a  small 
way  in  the  eastern  part  of  the  United  States  and  yields  from  one- 
tenth  to  one-fifth  of  1  per  cent  of  a  volatile  oil  used  principally  in 
medicine. 

The  plant  American  wormseed  (Chenopodium  ambrosioides  L., 
var.  anthelminticum)  is  grown  chiefly  in  Maryland  and  southward, 

«  BuUetin  90,  pt.  3,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture 
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where  the  plant  is  found  growing  wild.  There  are  produced  the 
seeds,  which  are  valuable  commercially,  and  the  volatile  oil  dis- 
tilled therefrom,  which  also  possesses  the  anthehnintic  action  of  the 
seeds. 

Another  volatile  oil  which  is  produced  on  a  very  extensive  scale 
and  which  has  been  distilled  commercially  for  more  than  a  century, 
namely,  oil  of  turpentine,  deserves  brief  mention.  The  production 
of  turpentine  oil  is  confined  principally  to  the  Southern  and  Gulf 
States,  from  Virginia  to  Florida,  regions  of  extensive  pine  forests. 
Turpentine  is  obtained  as  an  oleoresinous  exudation  from  several 
varieties  of  pine  trees,  chief  among  which  is  the  long-leaved  pine 
{Pinus  palustria  Miller) .  Other  species,  such  as  Pinus  taeda  L.  and 
Pinus  echinata  Miller,  also  yield  a  valuable  oleoresin.  Unlike  most 
volatile  oils,  the  oil  of  turpentine  is  not  distilled  directly  from  the 
plant  but  results  as  one  of  the  products  of  the  distillation  of  the 
oleoresin  obtained  from  the  trees,  the  other  product  being  the  rosin 
or  colophony  of  commerce.  The  usefulness  and  value  of  oil  of 
turpentine  in  commerce,  both  in  the  arts  and  in  medicine,  where  it  is 
practically  indispensablct  require  no  further  comment. 

The  plants  just  enumerated  represent  the  principal  volatile-oil 
plants  which  are  cultivated  or  gathered  for  oil  production  in  the 
United  States.  The  distillation  of  oils  from  the  iriint  species  is  a 
singular  instance  of  an  industry  of  commercial  magnitude,  while  the 
several  other  oils  which  are  being  distilled  from  cultivated  plants 
occupy  a  secondary  position  in  production.  The  further  development 
of  some  of  the  oils  mentioned  will  be  controlled  largely  by  the  con- 
sumption of  the  products  and  by  the  demand  which  may  be  created 
for  them. 

The  experimental  work  being  conducted  at  the  present  time  at  the 
Arlington  Experimental  Farm,  near  Washington,  D.  C,  is  such  as  to 
demonstrate  the  practicability  of  more  extensive  cultivation  of  the 
plants  already  grown,  as  well  as  of  other  plants  growing  wild  at 
present,  but  which  by  proper  methods  of  domestication  can  probably 
be  greatly  improved  both  from  the  standpoint  of  luxuriance  of 
growth  and  of  fragrance. 

The  introduction  of  foreign  species  of  volatile-oil  plants  and  the 
testing  of  the  same  upon  native  soil  are  also  receiving  considerable 
attention,  and  the  successful  production  of  oil  is  clearly  assured  in 
some  cases.  Suitable  localities,  however,  must  be  chosen  to  conform 
with  the  natural  habitats  of  the  introduced  plants  in  order  to  attain 
the  highest  degree  of  efficiency  of  production. 

WILD  PLANTS. 

Possibly  the  number  of  wild  aromatic  plants  which  are  used  in  the 
manufacture  of  volatile  oils  exceeds  that  of  those  which  are  at  present 
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cultivated.  The  extent  of  the  production  of  the  oils  is  much  less, 
chiefly  because  of  the  more  or  less  scattered  condition  of  these  plants, 
and  therefore  the  difficulty' of  gathering  them  in  large  quantities. 
Usually  these  wild  aromatic  plants  are  distributed  over  wide  areas 
confused  largely  with  other  volatile  or  nonvolatile  species,  thus  caus- 
ing the  rapid  collection  of  the  plants  to  be  seriously  hindered.  For 
this  reason,  probably,  together  with  lack  of  interest  in  the  cultiva- 
tion of  the  wild  plants,  the  production  of  their  oils  has  been  largely 
restricted. 

SASSAFRAS. 

A  specific  example  of  an  important  uncultivated  plant  which  yields 
a  volatile  oil  of  considerable  value  is  the  sassafras  tree.  Sassafras 
oil  was  one  of  the  first  volatile  oils  distilled  in  America.  The  range 
of  the  tree  is  from  Florida,  where  it  was  originally  discovered,  to 
Virginia  and  Pennsylvania,  and  even  as  far  north  as  Xew  York  and 
(he  New  England  States.  It  is  quite  abundant  in  the  South-Central 
States,  especially  Kentucky,  Tennessee,  and  Arkansas.  The  produc- 
tion of  this  oil  attained  commercial  significance  early  in  the  last 
century,  and  it  is  distilled  extensively  at  present  in  Kentucky,  Ten- 
nessee. Pennsylvania,  Maryland,  and  Virginia;  also  to  a  less  extent 
in  Ohio,  Indiana,  and  New  York. 

Although  the  distillation  of  this  very  fragrant  oil,  which  is  ob- 
tained principally  from  the  bark  of  the  root  of  the  sassafras  tree 
(Sassafras  officinalis),  has  assumed  a  strong  commercial  aspect,  the 
tree  has  not  been  grown,  strictly  speaking,  for  oil  purposes.  No 
doubt  the  great  abundance  and  the  ready  accessibility  of  the  trees 
growing  wild  are  the  causes  of  the  noncultivation  of  this  tree  for 
commercial  purposes.  The  leaves  and  branches  of  the  tree  are 
faintly  aromatic,  but  are  not  used  as  a  source  of  the  oil.  The  root 
bark  and  wood,  which  contain  from  1  to  8  per  cent  of  volatile  oil, 
form  the  crude  source  of  supply.  The  oil  is  distilled  by  the  ordinary 
method  of  steam  distillation,  the  wood  and  bark  of  the  root  being 
previously  coarsely  comminuted  to  admit  of  better  extraction. 

WINTERGBEEN    AND    SWEET   BIRCH. 

The  distillation  of  the  oils  of  wintergreen  and  sweet  birch  is  a 
further  example  of  wild  aromatic  plants  furnishing  oils  in  sufficient 
quantities  to  supply  the  trade.  Both  wintergreen  [Gaultheria  jtro- 
cumhens)  and  sweet  birch  {Betida  lenta)  occur  largely  from  the  New 
England  States  and  North-Central  States  to  Georgia,  Florida,  and 
Alabama.  The  distillation  of  these  oils  dates  back  nearly  as  far  as 
that  of  the  oil  of  sassafras  and  has  developed  until  the  industry  at 
present  is  of  some  significance.  Wintergreen  and  sweet  birch  are 
entirely  unrelated  plants,  yet  the  oils  produced  from  them  by  di^ 
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tillation  are  for  all  practical  uses  identical.  Mention  has  been  made 
previously  of  the  fact  that  the  oil  in  these  plants  is  formed  by  re- 
action and  does  not  preexist  in  the  tissues.  The  glucosid  gaultherin 
is  the  constituent  which  is  responsible  for  the  formation  of  this  oil, 
and  since  the  reaction  between  this  glucosid  and  the  plant  ferment  is 
the  same  in  both  plants,  the  resulting  volatile  oil  (or  methyl  salicy- 
late) must  necessarily  be  similar. 

In  the  case  of  the  sweet  birch,  which  is  a  tree  of  some  size,  the  bark 
of  the  trunk  and  the  small  branches  are  used  for  distillation,  being 
previously  cut  into  small  pieces  and  allowed  to  macerate  with  water 
before  introduction  into  the  still.  A  yield  of  three-tenths  to  three- 
fifths  of  1  per  cent  ot  oil  is  obtained.  On  the  other  hand,  for 
the  separation  of  the  oil  of  wintergreen  the  leaves  and  twigs  are 
used,  the  plant  being  more  or  less  shrubby.  The  same  treatment  is 
applied  to  wintergreen  as  to  sweet  birch,  maceration  in  water  being 
allowed  to  continue  for  a  period  of  several  hours  prior  to  distillation. 
The  yield  of  volatile  oil  from  wintergreen  varies  from  one-half  to  1 
per  cent.  Owing  to  the  abundance  of  these  plants  their  cultivation 
especially  for  the  volatile  oil  has  not  been  attempted,  the  material 
being  collected  from  the  plants  as  they  grow  in  their  native  habitats. 
The  strict  enforcement  of  the  Food  and  Drugs  Act  has  tended  to 
curtail  largely  the  use  of  the  synthetic  oil  (methyl  salicylate)  for 
certain  purposes  where  the  natural  oil  is  required.  A  more  active 
demand  for  the  natural  oils  of  sweet  birch  and  wintergreen  has  neces- 
sarily resulted,  the  price  of  these  oils  being  thereby  materially 
advanced. 

CANADA   FLEABANE. 

Several  other  plants  capable  of  yielding  volatile  oils  of  some  value 
are  at  present  distilled  in  the  United  States.  A  very  common  herb 
growing  abundantly  in  the  North-Central  and  Western  States,  the 
Canada  fleabane  {Erigeron  canadensis)^  usually  regarded  as  a  weed 
and  known  to  westerners  as  the  fireweed  (not  the  true  fireweed,  how- 
ever), is  distilled  in  a  small  way  in  connection  with  the  distillation 
of  peppermint.  The  plant,  which  is  a  hardy  annual,  is  not  cultivated, 
but  is  cut  in  the  wild  condition,  no  special  care  being  taken  to  elimi- 
nate other  aromatic  weeds  or  plants,  and  consequently  there  results 
an  oil  which,  although  representing  the  oil  of  erigeron,  is  far  below 
the  true  standard  of  the  oil,  owing  to  the  presence  of  extraneous  plant 
matter  introduced  during  distillation. 

KUCALYPTUS. 

The  production  of  eucalyptus  oil  from  the  leaves  and  twigs  of  the 
blue-gum  tree  {Eucalyptus  glohulus)  is  of  considerable  importance 
in  the  volatile-oil  industry  of  the  United  States.    The  ccMnmercial 
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production  of  this  oil  is  confined  almost  exclusively  to  the  State  of 
California,  where  the  tree  grows  abundantly.  The  tree  is  not 
cultivated  as  a  source  of  volatile  oil,  but  is  extensively  grown  for 
ornamental,  fuel,  and  timber  purposes.  The  leaves  and  twigs  are 
collected  from  the  waste  branches  or  brush  resulting  when  the  trees 
are  cut  for  timber  or  wood  and  used  for  the  purpose  of  distillation. 
The  material  selected  for  distillation  may  be  coarsely  comminuted 
and  the  essential  oil  readily  obtained  therefrom  by  the  usual  method 
of  steam  distillation. 

The  yield  of  oil  varies  from  three-tenths  to  four-fifths  of  1  per  cent, 
according  to  the  quantity  of  woody  branches  and  twigs  introduced 
into  the  still  with  the  leaves,  the  latter  producing  the  highest  yield 
of  oil.  The  use  of  this  oil  is  very  general,  and  it  is  employed  chiefly 
as  a  therapeutic  agent.  From  70  to  90  per  cent  of  the  oil  consists  of 
eucalyptol  or  cineol,  the  chief  constituent  and  the  one  to  which  its 
valuable  antiseptic  properties  are  due. 

The  waste  leaves  and  branches  accumulating  when  the  trees  are 
cut  for  lumber  or  wood  are  not  fully  utilized.  At  points  where  a 
considerable  number  of  trees  are  being  felled  a  distilling  apparatus 
could  under  favorable  circumstances  be  profitably  installed  and  suc- 
cessfully operated  at  a  very  moderate  expense.  It  has  been  estimated 
that  2  tons  of  leaves  and  twigs  will  produce  from  3  to  4  gallons  of  oil 
at  a  cost  of  about  $3  a  gallon  for  distilling  the  oil.<> 

MONABDAS. 

Two  additional  plants  possessing  volatile  oils  of  antiseptic  value 
and  growing  wild  in  the  whole  north-central  portion  of  the  United 
States,  from  Pennsylvania  to  Minnesota,  are  wild  bergamot  iMonarda 
fstulo8a)  and  horsemint  {Monarda  punctata)^  belonging  to  the 
Labiate  tribe.  These  plants  yield  oils  rich  in  antiseptic  constituents, 
the  former  producing  an  oil  consisting  chiefly  of  the  liquid  phenol 
carvacrol,  while  the  oil  from  the  latter  consists  for  the  most  part  of 
the  crystalline  phenol  thymol.  Both  of  these  constituents  are  isomeric 
in  character  and  of  equal  value  as  antiseptics,  the  extensive  use  of 
thymol  for  medicinal  purposes  being  familiar  to  most  people. 

Wild  bergamot  and  horsemint,  owing  to  their  hardiness,  are  capable 
of  profitable  cultivation  in  the  North-Central  States,  where  the 
climatic  conditions  seem  to  be  especially  suitable  for  their  growth  and 
for  the  production  of  oil.  The  whole  fresh  plant  during  its  flowering 
condition  is  generally  distilled,  the  amount  of  oil  obtained  being 
influenced  by  conditions  of  growth  and  culture,  but  averaging  from 
three-tenths  to  1  per  cent  or  more.  The  perennial  nature  of  the  plants 
enables  the  grower  to  produce  them  from  year  to  year  with  a  mini- 

«  Bulletin  196,  California  Agricultural  Experiment  Station,  p.  34. 
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mum  of  labor  on  somewhat  sandy,  dry  soil  which  possibly  has  no 
great  value  for  the  production  of  other  crops. 

PENNYBOYAL. 

Pennyroyal  is  a  small  annual  herb  characteristic  of  the  east-central 
portion  of  the  United  States.  It  is  distilled  for  its  oil  principally  in 
Ohio  and  North  Carolina,  with  smaller  operations  in  intermediate 
States.  The  pennyroyal  plant  {Hedeoma  pulegoides)  is  native  to 
the  United  States,  is  readily  propagated  and  grown,  and  yields  a 
volatile  oil  which  finds  extensive  application  in  therapeutics.  The 
yield  of  oil  distilled  from  the  fresh  flowering  herb  varies  from  three- 
fifths  to  1  per  cent. 

MISCELLANEOUS    AROMATIC    PLANTS    CAPABLE    OF    CLT^TIVATION . 

The  foregoing  instances  represent  typical  cases  of  wild  plants  indi- 
genous to  the  United  States  and  capable  of  yielding  volatile  oils, 
some  of  which  are  distilled  on  a  quasi-commercial  basis  while  others 
are  not  grown  or  distilled  at  all. 

Hosts  of  other  wild  aromatic  plants  are  found  growing  in  all  sec- 
tions of  the  country,  many  possessing  exceedingly  fine  fragrance  and 
many,  on  the  other  hand,  possessing  odors  less  attractive  but  never- 
theless possibly  of  value.  These  odorous  plants  will  in  most  cases 
produce  volatile  oils  which  may  contain  constituents  of  value,  not  only 
in  the  perfumery  trade  but  also  in  the  arts  and  medicine.  A  system- 
atic canvass  of  the  flora  of  the  United  States,  with  special  atten- 
tion to  those  plants  which  possess  an  aroma,  and  a  trial  distillation  of 
the  same,  followed  by  a  careful,  detailed  chemical  examination  of  the 
oils,  will  no  doubt  bring  to  light  new  oils,  the  value  of  which  ma^-  be 
determined  from  the  nature  of  the  constituents  identified  in  them. 
Several  new  volatile  oils  have  been  distilled  within  the  past  year 
which  have  been  shown  by  chemical  analysis  to  contain  highly  valu- 
able constituents.  The  results  of  these  experiments,  which  have 
proved  very  gratifying,  will  be  published  in  the  near  future,  and  the 
significance  of  the  exploration  in  this  field  of  research  will  be  clearly 
indicated.  Practically  no  progress  has  been  made  in  this  direction 
within  the  last  few  decades.  The  necessity  of  these  investigations  is 
therefore  strongly  recommended. 

Various  other  plants  deserving  mention,  besides  those  already  culti- 
vated and  those  growing  wild  which  possess  volatile  products  of 
value  to  the  perfumer  and  confectioner,  are  the  rose,  lavender,  rose 
geranium,  rosemary,  thyme,  sweet  basil,  summer  savory,  and  sweet 
marjoram,  and  the  umbelliferous  seeds  (caraway,  anise,  fennel,  and 
coriander),  besides  the  citrus  fruits  lemon  and  orange.  The  plants  of 
the  first  general  class,  though  not  native  to  this  country,  have  been 
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introduced  and  grown  as  garden  plants,  luxuriant  growth  and  ex- 
cellent aromas  usually  being  obtained. 

The  umbelliferous  plants  mentioned  have  also  been  largely  grown, 
although  only  on  a  garden  scale,  usually  for  their  seeds,  which 
possess  considerable  value  to  the  housewife  and  to  the  confectioner 
for  flavoring  or  condimental  purposes.  The  distillation  of  the  oils 
from  these  seeds  has  been  very  largely  for  experimental  purposes 
only. 

The  citrus  fruits,  although  grown  very  extensively,  have  received 
but  slight  attention  in  the  United  States  from  the  standpoint  of  their 
volatile  oils,  which  are  of  so  much  value  to  the  scenter  and  perfumer. 

The  rose,  lavender,  and  rose  geranium,  although  possessing  ex- 
ceedingly fragrant  volatile  oils  have  received  only  trifling  considera- 
tion as  regards  cultivation  for  the  aroma. 

It  is  not  unlikely  that  certain  sections  of  the  United  States  are 
adapted  to  the  growth  of  the  Bulgarian  rose,  which  produces  the  rose 
oil  of  commerce.  In  order  to  locate  these  desirable  regions,  practical 
tests  would  be  required,  attention  being  paid  to  the  quality  of  the 
perfume  obtained  and  also  to  the  labor  required  in  the  gathering  of 
the  rose  petals.  Besides  the  usual  variety  of  rose  used  for  perfume 
cultivation,  the  Rosa  damaacena^  there  are  a  number  of  other  species 
which  have  become  naturalized  in  this  country  and  which  possess 
fragrance  of  exceedingly  high  quality,  besides  being  prolific  bearers. 

Experiments  in  connection  with  the  growing  of  roses  for  perfumery 
purposes  are  worthy  of  attention  in  some  of  the  southern  portions 
of  the  United  States  where  the  conditions  of  climate  are  especially 
favorable  and  where,  since  the  petals  must  be  plucked  by  hand  for 
distillation,  labor  would  be  sufficiently  cheap  to  insure  a  certain 
degree  of  success. 

Lavender  {Lavandula  vera)^  now  grown  extensively  in  the  semi- 
mountainous  districts  of  France  and  in  England  for  the  volatile  oil, 
is  no  less  capable  of  growth  on  the  soils  of  this  country  than  other 
plants  which  are  at  present  grown  profitably.  The  regions  of  growth 
in  France,  Italy,  and  England  are  not  entirely  dissimilar  and  do 
not  possess  any  more  suitable  climatic  and  soil  conditions  than  might 
be  supplied  in  some  sections  of  the  United  States.  In  this  case  ex- 
periments would  also  be  necessary  to  locate  desirable  regions,  but 
the  labor  factor  would  be  minimized  considerably  owing  to  the  fact 
that  the  entire  tops  of  the  plants  are  distilled.  Owing  to  the  little 
labor  required  in  connection  with  lavender,  enterprise  in  this  matter 
should  not  be  lacking. 

The  rose  geranium  (Pelargonium  odorafisstmum)  ^  a  plant  with 
an  exquisite  odor  grown  and  distilled  in  France,  Spain,  Algiers,  and 
the  island  of  Reunion,  deserves  some  consideration  with  regard  to 
cultivation,  inasmuch  as  the  oil  distilled  from  the  plant  is  of  such 
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a  nature  as  to  make  it  almost  indispensable  in  the  perfumery  industry. 
Unlike  that  of  lavender,  the  odor  of  the  rose  geranium  resides  in 
the  leaves,  the  flowers  being  almost  odorless.  Experiments  in  a  pre- 
liminary way  are  now  being  carried  on  to  determine  the  quality  of 
the  oil  capable  of  being  distilled  from  this  plant.  As  in  the  case  of 
th^  rose  and  lavender,  the  most  suitable  location  can  be  learned 
only  by  a  system  of  tests  in  localities  with  different  climatic  and  soil 
conditions. 

Rosemary  {Bosmannus  officinalis)^  thyme  {Thymus  rulgaris)^ 
sweet  basil  {Ocimum  basilicum)^  summer  savory  {Satureja  horten- 
sis)^  and  sweet  marjoram  (Origanum  marjorana)^  besides  others  of 
this  type  originating  in  Mediterranean  countries  and  yielding  oils 
of  excellent  fragrance  for  both  the  perfumers  and  the  toilet-prepara- 
tion manufacturers,  can  by  proper  attention  and  pei-severance  no 
doubt  be  produced  advantageously.  A  factor  of  considerable  import 
in  the  growth  and  distillation  of  these  plants  is  that  whole  fresli 
herbs  can  be  distilled,  thus  obviating  the  necessity  of  picking  the 
flowers  by  hand. 

The  distillation  of  oil  from  such  seeds  as  caraway,  anise,  fennel, 
and  coriander,  which  are  so  universally  used  for  flavoring  and  scent- 
ing purposes,  has  been  successfully  exploited  in  southern  Europe  for 
decades.  These  seeds  have  been  introduced  into  the  United  States 
and  grown  in  small  quantities,  principally  for  household  use.  The 
ease  of  production  as  a  household  necessity  should  be  sufficient  stimu- 
lus for  growing  the  plants  on  a  broader  basis  for  the  distillation  of 
the  very  fragrant  oils.  The  North-Central  States,  with  their  excel- 
lent soil  and  climate,  undoubtedly  are  capable  of  producing  profitable 
yields  of  seeds  giving  from  2  to  7  per  cent  of  volatile  oil.  The 
method  of  distillation  is  similar  to  that  of  leaves  or  herbs,  with  the 
exception  that,  in  order  to  facilitate  the  permeation  of  the  steam^  the 
seeds  are  ground  coarsely  before  being  subjected  to  the  steam  vapors. 

The  commercial  isolation  of  oils  from  citrus  fruits  and  their  by- 
l^roducts  centers  principally  in  Sicily  and  Italy.  The  production  of 
oil  from  either  lemon  or  orange  peel  in  the  citrus  regions  of  Cali- 
fornia has  received  but  slight  attention  and  should  be  deserving  of 
more,  inasmuch  as  the  demand  for  these  oils  is  very  constant  and 
the  prices  reasonably  high.  The  distillation  of  waste  lemons  or 
unsalable  lemons  would  possibly  yield  a  volatile  oil  of  lemon  of  fair 
quality,  which  no  doubt  would  find  a  ready  market.  The  Sicilian 
methods  of  hand  expression  are  practically  out  of  the  question  be- 
cause of  the  labor  factor  involved.  The  distillation  of  lemon-tree 
prunings  yields  an  oil  of  extremely  high  citral  content,  which  should 
prove  valuable  for  flavoring  purposes. 
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COMMEBCIAL  ASPECT  OF  THE  INDUSTBY. 
VALUE  AND  CONSUMPTION  OF  VOLATILE  OILS. 

Mention  has  already  been  made  of  the  vahie  in  general  of  volatile 
oils  as  industrial  products,  which  commercially  have  not  been  manu- 
factured in  the  United  States  to  any  extent,  the  mint  oils  being 
sio^lar  exceptions.  Lack  of  interest  in  the  growth  and  develop- 
ment of  perfumery  plants  is  principally  responsible  for  the  inactive 
condition  now  existing  in  this  important  phase  of  industrial  enter- 
prise. Possibly  a  lack  of  experience  with  regard  to  the  growth  of 
the  plants  concerned  and  the  methods  necessary  for  success  has  been 
largely  instrumental  in  preventing  the  upbuilding  of  this  branch 
of  industrv. 

It  must  be  conceded  that  very  large  quantities  of  volatile  oils  are 
at  present  consumed  in  the  United  States  in  the  several  uses  to  which 
they  are  applied.  In  the  manufacture  of  perfumes  the  role  played 
by  volatile  oils  is  all  important.  A  large  proportion  of  the  amounts 
consumed  enters  the  channels  of  the  perfumery  trade.  Usually  per- 
fumes consist  of  blends  of  odors  brought  about  by  a  skillful  com- 
bining of  several  oils  in  varying  proportions  through  a  medium 
capable  of  holding  in  solution  these  oils  and  odoriferous  ingredients. 
The  manufacture  of  perfumes  has  shown  but  little  development  in 
the  New  World.  Perfumery  products  are  largely  imported  in  the  pre- 
pared condition,  chiefly  from  France,  where  the  skillful  art  of  com- 
pounding has  been  scientifically  developed. 

The  use  of  volatile  oils  in  flavoring  and  in  the  manufacture  of 
flavoring  extracts  is  very  extensive,  but  it  is  restricted  to  a  compara- 
tively small  number  of  oils,  principal  among  which  are  lemon,  orange, 
wintergreen,  peppermint,  and  others  of  this  type. 

For  scenting  purposes,  such  as  aromatizing  soaps  and  toilet  prep- 
arations in  general,  volatile  oils  have  been  employed  very  extensively 
in  the  United  States.  Tlieir  use  in  this  line  of  application  has  in- 
creased with  the  increase  in  the  manufacture  of  these  much-demanded 
articles. 

On  the  other  hand,  the  medicinal  value  of  certain  oils  and  of  cer- 
tain constituents  which  can  be  isolated  from  them  has  created  a  de- 
mand which  in  part  has  been  supplied  by  home  production  and  in 
part  by  foreign  production.  The  separation  of  important  thera- 
peutic ingredients,  chiefly  antiseptics,  has  been  highly  servicoable 
ifi  the  treatment  of  many  ailments,  a  striking  instance  of  this  kind 
being  the  separation  of  camphor  from  the  oil  of  camphor,  this  ingre- 
dient playing  an  important  role  in  medicine  as  well  as  in  the  arts. 
Other  oils  deserving  mention  in  this  connection  are  those  of  euca- 
lyptus and  thyme,  the  former  yielding  the  valuable  eiicalyptol  and 
the  latter  thymol.    Another  example  is  peppermint  oil,  from  which 
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menthol  is  isolated.      All  of  these  constituents  possess  therapeutic 
value  of  no  little  importance. 

In  order  that  the  grower  may  become  acquainted  with  the  approxi- 
mate value  of  volatile  oils  on  the  American  market,  the  following 
tabulation  of  prices  has  been  prepared.  The  perfumery  articles 
listed  include  the  principal  volatile  oils  which  enter  the  markets  of 
the  United  States  for  consumption,  the  prices  being  current  whole- 
sale quotations  in  effect  in  eJanuary,  1910.  Prices  are  i>er  pound 
unless  otherwise  stated. 

Wholesale  prieen  of  rariouM  volatile  oils  in  the  markets  of  the  United  States, 

January,  1910,** 

Almond,   bitter $3.25  to  $4.  75 

Anise 1.10  to  1.12i 

Bay 1.90  to  2.00 

Rerganiot 3.75  to  4.00 

Cade .IG  to  .20 

Oajeput .  52|  to  .  55 

Camphor .09  to  .10 

Caraway  seed 1.15  to  1.25 

Cedar,    leaf .42ito  .45 

Cedar,  wood .16  to  .17 

Cinnamon 6.50  to  12. 00 

Cltronella .25  to  .28 

Cloves .70  to  .72i 

Copaiba 1.00  to  1.10 

Coriander 5.00  to  6.00 

Cubeb 3.00  to  3.25 

Erigeron 1.50  to  1.60 

Eucalyptus,   American .35  to  .00 

Fennel  seed 1.10  to  1.30 

Geranium,  rose,  African 3.50  to  4.00 

Geranium,  rose,  Turkish 2.25  to  2.50 

Ginger .  4.00  to  4.50 

Ginger  grass 1.10  to  1.35 

Hemlock .45  to  .50 

Junii)er,  berries .80  to  1.00 

.TuniiH»r,   wood .23  to  .25 

I-Jivender,  flowers 1.85  to  2.25 

Tjivender,    spike .60  to  1.10 

Tx»mon .771  to  .85 

Lemon    grass .80  to  .85 

Llnio,  exi)ressed 1.75  to  2.00 

Lime,  distilled .  55  to  .60 

Linaloe 2.80  to  2.85 

Mace .70  to  .75 

Male  fern 1.90  to  2.20 

Mnstard  3.00  to  4.00 

Xeroli,   petals 50.00  to  75. 00 

Xeroli,  bigard 35.00  to  50. 00 

«  Oil,  Paint,  and  Drug  Reporter,  vol.  77,  no.  4,  January  24,  1910,  p.  32. 
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Nutmeg 90.70   to $0.80 

Onnge,    bitter 2.25   to  2.35 

Orange,   sweet 2.20   to  2.40 

Origanum .20   to  .40 

Patchouli 4.00   to  4.25 

Pennyroyal  1.70   to  1.80 

Pennyroyal,  French 1.40   to  1.50 

Peppermint,   tins 2.00   to  2.10 

Peppermint,    bottles 2.30   to  2.35 

Petit  grain,  French 5.00   to  6.00 

Petit  grain.  South  American 2.40   to  2.75 

Pimento  1.90  to  2.25 

Rose,  natural l)eroz__  5.00   to  5.50 

Rosemary  flowers .67ito  .75 

Safrol .40 

Sandalwood 3.00   to  3.25 

Sassafras .55   to  .e;5 

Savine 1.25   to  1.30 

Spearmint  1.75   to  1.85 

Spruce .40   to  .45 

Tansy  2.50   to  2.75 

Thyme 1.00   to  1.10 

Wintergreen   (or  sweet  birch) 1.45   to  1.75 

Wintergreeu,    leaf 3.25   to  4.25 

Wormseed 1.50   to  1.60 

Wormwood 6.25   to  6.50 

Ylang-ylang 47.00   to  65. 00 

IMPORTS  AND  EXPORTS  OF  VOLATILE  OILS. 

Importations  of  volatile  oils  and  allied  products  have  increased 
from  year  to  year  until  at  the  present  time  the  expenditures  for 
volatile  oils  and  perfumes  aggregate  more  than  $2,000,000  annually. 

According  to  the  statistics  of  imports  compiled  by  the  Bureau  of 
Statistics  of  the  Department  of  Commerce  and  Labor,  the  importa- 
tion of  volatile  and  distilled  oils,  free  and  dutiable,  for  the  year 
ending  June  30, 1908,  amounted  to  $3,619,161.33.«  From  this  amount 
there  should  be  deducted  $886,923,  which  represents  distilled  oils  not 
of  plant  origin.  The  total  importation,  therefore,  of  volatile  oils, 
free  and  dutiable,  distilled  from  plants  for  the  above  year  was  valued 
at  $2,732^38.33.  These  figures  represent  only  the  volatile  oils 
imported. 

In  addition  to  the  sum  mentioned,  the  imports  of  alcoholic  per- 
fumery, including  toilet  and  cologne  waters  and  alcoholic  handker- 
chief perfumes,  must  be  considered.  The  total  imports  of  this  class 
of  perfumes  for  the  year  ending  June  30,  1908,  amounted  to 
$484,498.43.- 

«  Commerce  and  Navigation  of  the  I'nited  States,  1908,  p.  917. 
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The  value  of  toilet  preparations,  such  as  cosmetics,  hair  washeh. 
dentrifices,  pastes,  pomades,  and  powders,  into  which  perfumery  sub- 
stances enter  may  also  be  mentioned  in  this  connection.  The  imports 
of  these  preparations  for  the  above  year  reached  a  total  of 
$604,258.09.« 

For  purposes  of  comparison  and  to  illustrate  the  remarkable  in- 
crease of  consumption  of  volatile  oils  of  foreign  production,  the  sta- 
tistics extending  over  several  years  are  tabulated.^ 


Tablk  III. — Imports  of  voUitUc  and  diatillcd  oils  for  the  years  ending  June 

30,  t903  to  1908,  inclusive. 


Free  imports  from — 


1903. 


1904. 


1905. 


1906. 


1907. 


Kurope 

Nortlx  Americj 
South  America. 

Asia 

Oceania 

Africa 


Europe •  $1,253,860 

2,747 

2.864 

191,730 

129 


$1,818,606  I  $1,887,268  I  $1,617,796 


1.315  I 

4.a')2 . 

252,729 


290 


16,889 
2,205 
176,563 


5,713 
750 
808,781 


$2,227,530 

2,431 

4,969 

407,008 


24 


904 


190^. 


$2,213,265 
5.996 

31t,6S8 


1,450,380 


1,576,992 


1,582,449  ,    1,933.040 


2,642,242 


2,550.835 


Table  IV. — Imports  of  volatile  and  distilled  oils  for  the  years  ending  June  SO, 


1903  to  1908^  inclusive. 


Dutiable  imports  from— 

1903. 

$590,493 
14,444 

1904. 

1906. 

1906. 

$850,969 
12.794 
15 
38,861 
15,529 
12,227 

1907. 

1908. 

Europe 

$745,013 
12,210 

$865,008 
4,994 

$987,919 
18,879 

$1,028,630 

North  AmericH 

15,«TH 

South  America 

415 

Asia 

86,768 
14,296 

41.214 

20,958 

861 

54,296 

24,843 

8.003 

82,672 

17,123 

8,485 

22,441 

Oceania 

19,306 

Africa 

8,131 

Total 

706,001 

819, 766 

951,644 

929,915 

1.069,978 

1,094, 60S 

The  steady  increase  in  the  importation  of  perfumery  products, 
as  shown  in  Tables  III  and  IV,  indicates  that  the  consumption  of 
volatile  oils  and  scenting  materials  in  America  is  also  increasing. 
With  the  exception  of  peppermint,  comparatively  small  quantities 
of  crude  oils  are  distilled  and  exported  from  the  United  States.  The 
exports  of  peppermint  oil,  distilled  largely  in  New  York  and  Michi- 
gan, for  the  year  ending  June  30,  1908,  were  141,617  pounds,  valued 
at  $'557,555,^  while  all  other  essential  oils  exported  amounted  to 
$214,765. 

The  imports  of  volatile  oils  and  perfumery  materials  far  exceed  the 
exports  of  the  same  products,  the  principal  product  of  export  being 
])e[)permint  oil,  a  singular  case  where  the  distillation  approaches 
industrial  size  in  the  Ignited  States. 


"(V)iiiinoire  ami  N.i v lira t ion  of  tho  rnlted  States,  190.S,  p.  019. 
'M'oinineice  and  Navij?ation  of  the  United  States,  1908,  p.  279. 
''  Commerce  uud  Navigation  of  the  United  States,  1908,  p.  63G. 
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The  total  yearly  outlay  for  the  crude  materials,  and  also  for  the 
finished  products,  is  sufficient  to  attract  attention  and  is  deser\'ing 
of  concerted  action  on  the  part  of  growers  and  others  wlio  might 
profitably  engage  in  this  neglected  field  of  research  and  practice. 

PRESENT  SOURCES  AND  COST  OF  PRODUCTION  OF  VOLATILE  OILS. 

The  present  source  of  these  commercial  products,  wliich  may  be 
gleaned  from  the  tabulation,  is  Europe,  from  whence  they  are  im- 
ported both  in  the  crude  state  and  in  the  manufactured  condition. 
Italy  possibly  furnishes  the  smallest  quota  of  volatile  oils  and  the 
largest  valuation,  the  products  being  chiefly  the  citrus  oils,  supplied 
solely  by  Sicily  and  Italy  and  consumed  to  a  great  extent  in  the 
United  States.  From  P^'rance  the  large  proportion  of  perfumery 
extracts  and  finer  essential  oils  is  imported,  while  (Termany,  Turkey. 
and  Great  Britain  distribute  to  this  country  large  consignments  of 
crude  and  purified  volatile  oils. 

The  Mediterranean  regions  of  Europe  are  the  chief  sources  of  these 
aromatics,  which  are  so  generally  employed  in  the  industries  in 
diverse  ways.  The  cost  of  production  is  minimized  in  these  countries 
because  of  the  cheaper  class  of  labor  as  compared  with  labor  in 
America,  for  instance.  In  the  handling  of  many  flowers  and  plants, 
much  hand  labor  is  required,  especially  in  the  collection  of  the  mate- 
rial prior  to  distillation.  The  actual  distillation  and  purification  of 
the  oils  can  be  conducted  with  equal  economy  in  the  United  States, 
while  in  the  case  of  no  small  number  of  plants  which  may  be  suitably 
collected  and  distilled  in  the  whole  condition  the  question  of  labor 
becomes  a  less  serious  factor,  especially  in  some  instances  where  mow- 
ing machines  may  be  employed  advantageously  to  harvest  the  crops. 
Where  hand  picking  is  required,  as  in  the  case  of  some  of  the  more 
delicate  odors  from  flowers  and  flowering  tops,  cultivation  and  ex- 
traction of  the  odor  could  possibly  be  carried  out  in  the  Southern 
States,  which  have  abundant  sunshine,  an  important  prerequisite  in 
odor  development.  Furthermore,  the  labor  conditions  in  the  South- 
em  States  are  such  that  the  cost  of  gathering,  which  is  a  serious 
obstacle,  would  be  comparable  to  a  degree  with  that  in  foreign 
countries 

CONCLUSIONS. 

In  view  of  the  success  which  has  been  achieved  in  the  United 
States  along  a  number  of  special  lines,  the  outlook  for  a  very  con- 
siderable extension  of  the  volatile-oil  industrv  in  general  seems 
promising.  Favorable  conditions  of  soil  and  climate  seem  to  Ix^ 
obtainable.    With  an  increased  practical  knowle(l<>:e  of  how  to  handle  | 

the  crops  of  greatest  promise  and  with  a  working  familiarity  with  the 
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forms  of  apparatus  used  in  separating  the  oils,  the  preliminary  steps 
leading  to  such  an  extension  will  have  been  taken.  Before  a  full- 
fledged  industry  can  be  expected  to  appear,  however,  much  prelimi- 
nary experimental  work  must  be  done  over  a  wide  area  in  order  to 
ascertain  the  most  successful  combinations  of  soil,  climkte,  and  labor 
conditions. 

From  the  standpoint  of  the  consumption  of  products  derived  from 
volatile  oils  obtained  from  plants,  the  commercial  statistics  show  a 
large  and  active  market.  They  also  show  that  the  demand  is  now 
supplied  in  very  large  part  from  foreign  sources,  and  an  active  inter- 
est in  testing  the  possibilities  of  our  land  is  suggested. 
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Acetone,  use  in  extraction  of  periumes 16 

Addfl,  relation  to  aroma  of  plants 10-11, 28 

Africa,  distilled  oils  exported  to  the  United  States 46-47 

Alabama,  growth  of  perfume-yielding  plants 37-38 

Alcohol,  compounds,  office  as  odor  bearers 10-11, 45 

relation  to  aroma  of  plants 10, 28, 31-34 

use  in  extraction  of  perfumes 19-21 

Aldehydes,  relation  to  aroma  of  plants 10, 28 

Algeria,  perfumery  industry 8, 41 

Almond,  bitter,  aromatic  oil 9, 12, 15, 44 

Altitude,  relation  to  development  of  aroma 13 

Amygdalin,  source  of  volatile  oil  of  peach  kernels,  etc 15 

Anise,  aromatic  oil 10,12,40,42,44 

culture  in  the  United  States 40, 42 

Apparatus,  use  in  perfumery  industries 7-8, 17, 20, 22, 23-25, 47 

Set  also  Distillation,  Enfleurage,  Extraction,  and  Steam. 

Apricot,  oil  contained  in  seed 12, 15 

Arkansas,  perfumery-plant  industries 37 

Arlington  Experimental  Farm.    See  Experiments  at  Arlington. 

Aroma  of  plants,  conditions  of  development 12-16, 31-34 

derivation 10 

factors  affecting  quality 12, 13, 14, 29 

See  also  Climate,  Cultiu'e,  Light,  and  Soil. 

methods  of  extraction 16-27 

nature,  localization,  and  development 9-1 6 

Aromatics,  early  use 7 

Artemisia  absinthium,  use  and  culture 31-34, 35 

Asia,  distilled  oils  exported  to  the  United  States 46-47 

Attar  of  rose,  development  of  industry  in  Bulgaria  and  Turkey 8 

Balsam,  Oregon,  oil  obtained  from  oleoresin  in  wood 12 

Barks,  source  of  volatile  oils 12,  L4, 37, 38 

Basil,  sweet,  culture  in  the  United  States 40, 42 

Bay,  aromatic  oil 11, 44 

Benzene,  use  in  extraction  of  perfumes 16 

Bergamot,  aromatic  oil  from  fruit 12, 21-22, 44 

mint.    See  Mint,  bergamot. 

wild,  source  of  aromatic  oil 39-40 

Betula  lenta,  source  of  aromatic  oil 37-38 

Birch,  sweet,  aromatic  oil 14-15, 38, 45 

growth  in  the  United  States 30,37-38 

Blue-gum  tree.    See  Eucalyptus. 

Bulgaria,  perfimiery  industry 8 

Bolguian  rose.    See  Rose,  Bulgarian. 

Cade,  wholesale  price  of  aromatic  oil 44 
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Page. 

Oajeput,  wholesale  price  of  aromatic  oil 44 

Calcium  chlorid,  uae  in  dehydrating  oils 28 

California,  perfumery-plant  industries 30, 39, 42 

Camphor,  source  and  price 43,44 

Canada  fleabane.    See  Fleabane. 

Canella,  oil  contained  in  bark 1*J 

Caraway,  aromatic  oil 12, 30, 40, 42, 44 

Cardamom,  oil  contained  in  seed 12 

Carvacrol,  product  of  wild  bergamot 39 

Caasie,  aromatic  oil 8, 11, 18, 21 

Cedar,  aromatic  oil 7, 12, 30.  44 

Charabot,  A.,  and  Hebert,  A .,  on  soils  for  growing  peppermint 14 

Chenopodium  ambroeioides,  growth  in  the  United  States 35-36 

Chloroform,  use  in  extraction  of  perfumes 16 

Cineol,  production  from  eucalyptus 39 

Cinnamon,  aromatic  oil 12, 44 

Citral,  odorous  constituent  of  lemon  oil 10, 42 

Citronella,  aromatic  oil : 8, 1 1 ,  44 

Citrus  fruits.    See  Fruits,  citrus. 
Citrus  oils.    See  Fruits,  citrus. 

Climate,  relation  to  perfumery  industry 11, 12-14, 29, 47-48 

Cloves,  aromatic  oil 10, 44 

Cologne,  imports 45 

Colophony,  by-product  of  turpentine  distillation 36 

Conclusions  of  bulletin 47-48 

Coniferin,  relation  to  aroma  of  vanilla  bean ^10 

Copaiba,  aromatic  oil 12, 44 

Coriander,  oil  contained  in  seeds 12, 40, 42, 44 

Cotton,  use  as  filtering  medium 28 

Cubeb,  wholesale  price  of  oil 44 

Culture,  relation  to  aroma  of  plants 11 

Distillation,  apparatus  and  methods 7-8, 22-25, 26-27 

Ecuellc,  use  in  extraction  of  aromatic  oils 21-22 

Elemi,  oil  obtained  from  oleoresin 12 

Enfieurage,  process  for  extraction  of  oils 19-21 

England,  perfumery  industries 8, 13, 41, 47 

Erigeron,  aromatic  oil 30,  38,44 

canadensis,  source  of  aromatic  oil 38 

Esters,  office  as  odor  bearers 10-11, 27, 28,  31-34 

Ether,  use  in  extraction  of  perfumes 16 

Eucalyptol,  medicinal  use. 39, 43 

Eucalyptus  globulus,  source  of  aromatic  oil 38-39 

aromatic  oil 11,38-39, 43,44 

Europe,  distilled  oils  exported  to  the  United  States 46-47 

Experiments  at  Arlington  Experimental  P'arm 36 

testing  garden  in  Florida 39 

in  determining  development  of  odorous  constituents 31-34 

to  determine  quality  of  rose-geranium  oil 1 42 

Extraction,  methods  and  processes 7-8, 16-27, 37, 39, 42 

Fats,  use  in  extraction  of  odors 18-21 

Fennel,  aromatic  oil 10,12,40,42,44 

Fermentation.    See  Ferments. 

Ferments,  action  in  oil  production 9-10, 15, 16, 38 
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Fern,  male,  wholesale  price  of  oil 44 

Fertilizen,  effect  on  quality  of  aromatic  oils 14 

Fbeweed.    See  Fleabane. 

Fleabane,  source  of  aromatic  oil 38 

Florida,  perfumery-plant  industries 30, 36, 37 

Flowers,  sources  of  aromatic  oils 9, 10, 11, 16-18, 19-21, 26, 41, 47 

France,  perfumery  industries 8, 13, 18, 41, 43, 47 

Fruits,  citrus,  relation  to  aromatic-oil  industry 8, 12, 21-22, 41, 42 

source  of  aromatic  oils 8, 10, 12, 21-22, 40, 41, 42 

Gaultheria  procumbens,  source  of  aromatic  oil 37-38 

Gaultherin,  relation  to  oil  of  wintergreen 14, 15, 38 

Georgia,  growth  of  perfume-yielding  plants 37-38 

Geranium,  rose,  aromatic  oil 8, 10-11, 40, 41-42, 44 

Germany,  perfumery  industries : 8, 18, 47 

Gildemeister,  Eduard,  Hoffmann,  Friedrich,  and  Kremers,  Edward,  on  low 

ester  content  of  English  lavender  oil 13 

Ginger,  wholesale  price  of  oil 44 

Ginger  grass.    See  Grass,  ginger. 

Glucose,  relation  to  aroma  of  plants 14-15 

Glucoftids,  relation  to  production  of  aromatic  oils 9-10, 14-15, 38 

Gram,  ginger,  volatile  oil 11, 44 

lemon,  volatile  oil 8, 11, 44 

Gieat  Britain,  exports  of  volatile  oils  to  the  United  States 47 

Harvest,  factors  determining  time 31-34 

Heat,  effect  on  development  of  aroma 34 

Hebert,  A.    See  Charabot,  A. 

Hedeoma  pulegoides,  source  of  aromatic  oil 40 

Hemlock,  wholesale  price  of  oil. . .  j 44 

Herbs,  whole,  distillation 1 2, 42, 47 

Hoffmann,  Friedrich.    See  Gildemeister,  Eduard. 

Hood,  S.  C,  growing  perfumery  plants  in  Florida 30 

Horaemint,  source  of  aromatic  oils 39-40 

Huisache.    See  Cassie. 

Hydrocarbons,  relation  to  aroma  in  plants 10, 28 

Imports,  perfumery  products 45-46 

India,  development  of  perfumery  industries 8 

Indiana,  perfumery-plant  industries 9, 30, 35, 37 

Italy,  perfumery  industries 8, 41, 42, 47 

Japan,  development  of  perfumery  industries 8 

Jasmine,  use  in  perfumery  industry 18, 21 

Juniper,  wholesale  price  of  volatile  oil 44 

Kebler,  L.  F.,  on  low  ester  content  of  English  lavender  oil 13-14 

Kentucky,  perfumery-plant  industries 30, 37 

Ketones,  relation  to  aroma  of  plants 10 

Kremers,  Edward.    See  Gildemeister,  Eduard. 

Lamothe,  M.  I.,  on  effect  of  altitude  upon  fragrance  of  lavender 13 

Lavandula  vera,  source  of  aromatic  oil 13, 41 

Lavender,  aromatic  oil 8, 10-11,  26, 41, 42, 44 

culture  in  the  United  States 14, 30, 40, 41 

effect  of  climate,  altitude,  and  soil  upon  fragrance 13 

Leaves,  sources  of  aromatic  oils 9, 10, 11, 14, 16, 38, 39, 42 

Leeomte,  Henri,  on  source  of  vanilla  odor 9-10 

Lemon,  aromatic  oil 10, 12, 21-22, 40, 42, 43, 44 

graas.    ^ee  Grass,  lemon. 
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Light,  relation  to  quality  of  aroma 12, 2S-29, 34 

Lime,  wholesale  price  of  volatile  oil 44 

Linaloe,  wholesale  price  of  aromatic  oil 44 

Linalool,  odor  bearer  for  certain  plants 11  33 

Linalyl  acetate.    See  Linalool. 

Mace,  wholesale  price  of  volatile  oil 44 

Marjoram,  sweet,  culture  in  the  United  States 40, 42 

Male  fern.    See  Fern,  male. 

Maryland,  perfumery-plant  industries 30, 35-36, 37 

Mentha  citrata  and  M.  piperita,  typical  plants  in  experiments 31-34 

Menthol,  odor  bearer  for  certain  plants 11, 33, 43-44 

Michigan,  perfumery-plant  industries 9, 27, 30, 35, 46 

Minnesota,  perfumery-plant  industries 39 

Mint,  bergamot,  experiments  to  determine  proportions  of  constituents 31-34 

Mississippi  Valley,  perfumery-plant  industries 9 

Moisture,  effect  on  development  of  aroma 13, 34 

process  of  extraction  from  oils 28 

Monarda  fistulosa  and  M.  punctata,  distribution 39 

Monardas,  soiu-ce  of  aromatic  oils 39-40 

Moulin,  E.,  perfumery-plant  growing  in  Florida 30 

Mustard,  aromatic  oil 10, 12, 15-16, 44 

Nebraska,  perfumery-plant  industry 30 

Neroli,  wholesale  price  of  volatile  oil 44 

New  England,  perfumery-plant  industries 37 

New  York,  perfumery-plant  industries 9, 30, 35, 37, 46 

North  Carolina,  perfumery-plant  industry 40 

Nutmeg,  wholesale  price  of  volatile  oil 45 

Oceania,  distilled  oils  exported  to  the  United  States 46-47 

Ocimum  basilicum,  source  of  aromatic  oil 42 

Odor.    See  Aroma  of  plants. 

Ohio,  perfumery-plant  industries 37, 40 

Oil,  aromatic.    See  Oils,  volatile. 

synthetic  (of  wintergreen),  curtailment  of  use  by  law 38 

Oils,  volatile,  chiefly  contained  in  aerial  portion  of  plants 12 

composition,  chemical 10, 28 

consumption 43-47 

cost  of  production 39, 47 

derivation  of  term 9 

development  of  industries &-9,  29-42, 43 

handling  and  preservation 27-29 

imports  and  exports 45-46 

indirectly  obtained  from  plants 12, 14-16 

localization  in  parts  of  plants 9, 10, 11-12 

material,  proper  preparation  prior  to  distillation 33-34 

medicinal  uses 8, 35, 36,  39, 43 

methods  of  extraction 16-27, 33-34 

period  of  maximum  development 31-34 

prices 38, 39, 44-45 

production &-9, 36, 43-47 

source  of  supply 8, 47 

uses 8,35,36,39,43,45-46 

value 43-47 

See  also  names  of  aromatic  plants. 
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01eore8in»  methods  of  extraction. . : 7-8 

Oleoresins,  source  of  certain  oils 12, 36 

Orange,  aromatic  oil 10-11, 12, 21-22, 26,40, 43, 45 

Oregon  balsam.    See  Balsam,  Oregon. 

Origanum  marjorana,  source  of  aromatic  oil 42 

wholesale  price  of  volatile  oil 45 

Oxids,  relation  to  aroma  of  plants 10 

Oxydase,  relation  to  aroma  of  vanilla  bean 9-10 

Oxygen,  action  in  decomposing  perfumes 28-29 

P^per,  use  as  filtering  medium ^ 28 

Parry,  E.  L.,  on  low  ester  content  of  English  lavender  oil 13-14 

Patchouli,  wholesale  price  of  volatile  oil 45 

Peach,  oil  contained  in  seed 12, 15 

Pelaigonium  odoratissimum,  source  of  aromatic  oil 41-42 

Pennsylvania,  perfumery-plant  industries 30, 37 

Pennyroyal,  aromatic  oil 10, 45 

distribution 40 

germination  of  seed 30 

Peppermint,  aromatic  oil 10-11, 12, 14, 43, 45 

development  of  industry  in  the  United  States ^9, 30, 35, 38, 43, 46 

experiments  to  determine  development  of  constituents 31-34 

export 46 

use  of  spent  herb  as  stock  food 27 

Perfumery.    See  Oils  and  Perfumes. 
Perfumery  plants.    See  Plants,  aromatic. 

Perfumes,  early  use 7 

methods  of  extracting 16-27 

use  in  soaps  and  toilet  preparations 43, 45-47 

See  also  Oils. 

Petit  grain,  wholesale  price  of  volatile  oil 45 

Phenols,  relation  to  aroma  of  plants 10, 39 

Pimento,  wholesale  price  of  oil 45 

Pine,  source  of  valuable  oils 11, 36 

Pinus  spp.,  source  of  valuable  oleoresins 36 

Plants,  aromatic,  capable  of  cultivation 35-36, 40-43 

distribution 8-9, 40  42 

dried  forms  used  before  distillation  was  known 7 

growth  and  harvesting 29-34, 42 

localization  of  volatile  oils  in  tissues 10, 11 

production,  factors  affecting 12-14,  29, 31, 42, 43-^4 

use  in  perfumery  industry 8-9, 29, 30, 35-44 

whole,  soimje  of  aromatic  oils 42 

wild 35, 36-40 

See  aUo  names  of  individual  species. 

Prices  of  aromatic  oils 38, 39, 44-45 

Phme,  extraction  of  aromatic  oil  from  kernels 15 

Pulegone,  odorous  constituent  of  pennyroyal  oil 10 

Purification,  methods  applied  to  crude  oils 27 

Reunion,  island,  perfumery  industry 8, 41 

Rosa  damascena,  source  of  aromatic  oil 41 

Roots,  source  of  volatile  oils 12, 37 
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Rofle,  essential  oil : . .  •. 10-11, 45 

Bulgarian,  possible  culture  in  the  United  States 41 

culture  in  the  United  States 30, 41, 42 

geranium.    See  Geranium,  rose. 

use  in  perhmiery  industry 8, 18, 26, 40 

Rosemarinus  officinalis,  source  of  aromatic  oil 42 

Rosemary,  aromatic  oil 40, 42, 45 

Rosin,  product  of  tiupentine  distillation 36 

Safrol,  wholesale  price  of  oil 45 

Sage,  example  of  dry-land  aromatic  plants 13 

growth  in  the  United  States , 30 

Sandalwood,  aromatic  oil 12, 45 

Sassafras,  aromatic  oil 12,30,37,45 

officinalis,  source  of  fragrant  oil 37 

Satureja  hortensis,  source  of  aromatic  oil 42 

Savine,  wholesale  price  of  volatile  oil 45 

Savory,  summer,  culture  in  the  United  States 40, 42 

Seeds,  source  of  aromatic  oils 10, 12, 40, 41, 42 

Sicily,  perfumery  industries 42, 47 

Sinigrin,  source  of  oil  of  mustard  seeds 15 

Snakeroot,  oil  obtained  from  root 12 

Sodium,  sulphate,  use  in  dehydrating  oils 28 

Soil,  relation  to  perfumery  industries 13, 14, 29, 47^8 

sandy,  suited  to  growth  of  monardas 39-40 

South  America,  exports  of  distilled  oils  to  the  United  States 46-47 

Spain,  perfumery  industry 41 

Spearmint,  aromatic  oil 12, 45 

production,  in  the  United  States 9, 30, 35 

Spices,  dried  forms  used  before  distillation  was  known 7 

Sponges,  use  in  perfumery  industry 19, 20, 22 

Spruce,  aromatic  oil 30 

Steam,  use  in  distillation  of  perfumes 22-27, 37, 39, 42 

Sulphur,  compounds,  relation  to  aroma  of  plants 10 

Su m mor  savory .    See  Savory ,  summer . 

Sunshine,  effect  on  development  of  aroma 12, 13, 47 

Sweet  basil.    See  Basil,  sweet. 
Swet'l  birch.    See  Birch,  sweet. 
Sweet  marjoram.    See  Marjoram,  sweet. 
Synthetic  oil  of  wintergreen.    See  Oil,  synthetic. 

Tanaoetiim  vulgare,  use  of  oil  as  medicine 35 

Tansy,  aromatic  oil 35, 45 

Tennessee,  perfumery-plant  industries 30, 37 

Thyme,  aromatic  oil 10,40,42,43,45 

Thymol,  product  of  certain  plants 10, 39, 43 

Thymus  vulgariH,  ^5ou^Qe  of  aromatic  oil 42 

Time  of  harvest,  relation  to  perfumery-plant  industry 31-34 

Toilet  preparations.     See  Perfumes. 

Tuberose',  use  in  perfumery  industry 18, 21 

Turkey,  porfumory  industries 8, 47 

Turpent ine,  industry'  in  the  United  States 8, 12, 35-36 

Twigs,  source  of  aromatic  oils 38, 39 

Umbelliferee,  culture  in  the  United  States 40, 41 

oils  contained  in  seeds 12 
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Valerian,  oil  obtained  from  root 12 

Vinilla,  development  of  odor  while  curing  bean 9-10 

Vanillin,  relation  to  aroma  of  vanilla  bean 9-10 

Vetiver,  cultivation  in  India 8 

Violet,  use  in  perfumery  industry 8, 18, 21 

Virginia,  perfumery >plant  industries '. 36, 37 

Volatile-oil  industry.    See  Oils,  volatile,  production. 

Wintergreen,  aromatic  oil 11, 14-15, 30, 37-38,43,45 

Wisconsin,  perfumery-plant  industries 9, 30, 35 

Woods,  source  of  volatile  oils • 12, 37 

Wormseed,  American,  aromatic  oil 12, 30, 35-36, 45 

Wonnwood,  aromatic  oil 10-11, 12, 45 

experiments  to  determine  proportions  of  constituents 31-34 

production  in  the  United  States 9, 30, 35 

Yield,  percentage  of  volatile  oil 35, 37, 38, 39, 40, 42 

Ylang-ylang,  aromatic  oil 10-11, 45 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Depaktment  of  Agbiculture, 

BuBEAU  OF  Plant  Industry, 

Office  of  the  Chief, 
WdsMngton,  Z>.  C,  August  16,  1910. 

Sir:  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  as  Bulletin  No.  196  of  the  series  of  this  Bureau  the  accom- 
paojring  manuscript  entitled  "Breeding  Drought-Resistant  Forage 
Plants  for  the  Great  Plains  Area,''  by  Mr.  Arthur  C.  Dillman,  Assistant 
Physiologist  in  Alkali  and  Drought  Resistant  Plant-Breeding  Inves- 
tigations, Bureau  of  Plant  Industry. 

In  the  Great  Plains  area,  where  the  rainfall  is  limited  in  quantity 
and  is  of  uncertain  distribution,  drought-resistant  varieties  of  crop 
plants  are  indispensable  if  farming  is  to  be  made  a  reasonably  safe 
enterprise.  Forage  plants  which  can  be  successfuUy  grown  with  a 
Bmited  moisture  supply  are  especially  needed  in  order  to  build  up  a 
veU-balanced  type  of  dry-land  agriculture.  The  Department  of 
Agriculture  has  introduced  from  foreign  countries  many  varieties 
that  are  more  drought  resistant  than  those  ordinarily  grown  in  the 
United  States,  but  even  these  can  be  further  improved  and  adapted 
by  the  use  of  plant-breeding  methods. 

The  present  paper  describes  the  preliminary  results  of  w6rk  along 
this  line  which  was  begun  by  the  Bureau  of  Plant  Industry  in  cooper- 
ation with  the  South  Dakota  Agricultural  Experiment  Station  in 
1906,  and  is  now  being  carried  on  by  the  Bureau  on  the  experiment 
farms  at  Bellefourche,  S.  Dak.,  and  Akron,  Colo.  The  progress  that 
has  been  made  in  breeding  drought-resistant  and  otherwise  improved 
strains  of  alfalfa,  amber  sorgo,  millets,  Bromus  inermisj  and  other  for- 
age plants  especially  adapted  to  the  area  is  here  reported.  In  several 
of  these  crops  new  and  promising  strains  haVe  been  developed.  As 
•oon  as  a  satisfactory  test  of  their  comparative  drought  resistance 
can  be  had,  the  seed  of  those  strams  which  stand  the  test  most  suc- 
cessfully will  be  increased  and  distributed.  It  is  believed  that  tliis 
bulletin  will  be  useful,  not  only  because  it  points  out  the  scope  of  the 
work  conducted  by  the  Bureau  of  Plant  Industry  in  this  field,  but 
because  it  describes  simple  breeding  methods  which  can  be  applied 
by  the  farmers  of  the  area  for  the  improvement  of  tlieir  crop  varieties 
b  respect  to  drought  resistance  and  other  qualities. 
Respectfully, 

G.  H.  Powell, 

Acting  Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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Plate  I.  Alfalfa  breeding  at  the  Bellefourche  Experiment  Farm,  South 
Dakota.  Fig.  1. — Alfalfa  plants  in  the  breeding  nursery,  showing 
the  first  season's  growth.     Fig.  2. — Selected  strains  of  aliialia  in 

double-cultivated  rows 3 

II.  Sorgo  at  the  Highmore  substation  and  the  Bellefourche  Experiment 
Farm,  South  Dakota.  Fig.  1. — Sorgo,  South  Dakota  No.  341,  at 
the  Highmore  substation,  South  Dakota.  Fig.  2. — Sorgo  progeny 
row  at  the  Bellefourche  Experiment  Farm,  SouUi  Dakota,  show- 
ing uniformity  of  plants 9 

III.  Kursk  millet  at  the  Bellefourche  Experiment  Farm,  South  Da- 

kota.   Fig.  1. — Selection  rows.    Fig  2. — Progeny  rows 3i 

IV.  Agropyron  in   the  grass  niu^ery  at  the   Bellefourche  Experiment 

Farm,  South    Dakota.     Fig.  1. — Rows   of   Agropyron  cristatum. 
Fig.  2. — Rows  of  Agropyron  tenerum 3< 
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B.  P.  I. 

BREEDING  DROUGHT-RESISTANT  FORAGE  PLANTS 

FOR  THE  GREAT  PLAINS  AREA. 


INTBODUCnON. 

This  paper  describes  the  results  so  far  attained  in  breeding  im- 
proved j^trains  of  alfalfa,  sorgo,  millet,  smooth  brome-grass,  and 
other  forage  plants  adapted  to  the  semiarid  conditions  of  the  elevated 
r^on  lying  between  the  ninety-eighth  meridian  and  the  Rocky 
Mountains.  While  the  work  with  none  of  tliese  crop  plants  has 
reached  completion,  it  is  considered  desirable  to  publish  at  this  time 
a  description  of  the  objects,  methods,  and  preliminary  results. 

In  this  plant-breeding  work,  as  in  all  other  investigations  bearing 
upon  dry-land  agriculture  that  are  carried  on  by  the  Bureau  of  Plant 
Industry,  it  is  intended  to  make  the  results  appUcable  to  the  whole 
territory  in  which  similar  climatic  conditions  exist.  By  conducting 
the  work  simultaneously  and  with  the  same  methods  at  different 
stations,  comparable  results  are  expected.  The  working  out  of  this 
plan  should  afford  a  much  safer  basis  for  the  establishment  of  broad 
principles  in  drought-resistance  breeding  than  could  be  attained  by 
any  strictly  local  work.  Although  the  actual  breeding  is  at  present 
confined  to  only  two  of  the  dry-land  stations,  these  are  representative 
of  a  considerable  portion  of  the  Great  Plains. 

At  both  of  these  stations  the  Office  of  Forage-Crop  Investigations 
is  engaged  in  testing  varieties  of  the  forage  plants  that  are  believed 
to  be  adapted  to  the  climatic  conditions  of  the  region.  The  drought- 
resistant  plant  breeding  is  conducted  in  cooperation  with  these 
variety  tests,  which  not  only  afford  material  for  the  selection  of 
resistant  individuals,  but  give  an  excellent  opportunity  for  com- 
paring the  drought  resistance  of  the  new  strains  developed  with  that 
of  a  large  number  of  existing  varieties  of  the  same  crops. 

OBJECTS  SOUGHT. 

To  make  dry-land  farming  in  a  semiari<l  region  like  the  Great 
Plains  a  reasonably  safe  enterprise,  drouglit-re^sistant  crops  must  be 
PTown.  Most  of  the  varieties  of  crop  plants  that  have  heretofore 
been  used  in  this  region  have  originated  in  countries  of  abundant 
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rainfall;  like  the  eastern  United  States  and  western  Europe.  In 
recent  years  the  Department  of  Agriculture  has  introduced  a  large 
number  of  more  or  less  drought-resistant  crop  plants  from  foreign 
countries  where  the  climatic  conditions  more  nearly  resemble  those 
of  the  Great  Plains  area.  Even  with  these  plants^  however,  prelimi- 
nary tests  show  that  there  is  much  opportunity  for  breeding  work  to 
improve  the  quality,  increase  the  yield,  and  eliminate  the  less  hardy 
and  less  drought-resistant  individuals. 

Cultivated  forage  plants  are  greatly  needed  in  the  Great  Plainfi 
area.  Until  recently  this  was  essentially  a  stock-raising  territory, 
and  although  large  parts  of  it  are  now  being  divided  up  into  small 
farms  devoted  to  grains  and  other  crops,  it  seems  altogether  likely 
that  stock  raising  will  continue  to  be  one  of  the  chief  industries.  In 
the  past  the  chief  dependence  of  the  stock  grower  has  been  the 
* 'range;''  in  other  words,  the  native  growth  of  prairie  grasses.  Only 
scattered  attempts  have  been  made  to  grow  cultivated  forage  plants, 
but  as  the  region  becomes  more  and  more  settle<l  there  will  be  an 
increasing  demand  for  hay  and  other  stock  feeds  to  supplement  the 
wild-grass  pasturage.  The  growing  of  forage  plants  is  likely  to 
become  one  of  the  most  important  phases  of  Great  Plains  agriculture. 

The  chief  limiting  factor  in  the  production  of  crops  in  this  region 
is  the  lack  of  sullicient  moisture.  One  means  of  meeting  this  defi- 
cienc}'^  is  the  use  of  tillage  methods  that  will  conserve  water  in  the 
soil,  preventing  as  far  as  possible  loss  by  evaporation.  Another 
means  of  attacking  the  problem  is  to  grow  the  most  drought-resistant 
varieties  that  can  be  obtained.  The  investigations  described  in  the 
present  buUetm  are  concerned  with  developing  such  varieties  by 
breeding  methocls. 

The  principal  factors  that  enter  into  drought  resistance  are  prob- 
ably the  ability  of  the  plant  to  develop  a  root  system  that  will  uti- 
lize to  the  utmost  a  scanty  supply  of  soil  moisture  and  its  ability  to 
reduce  transpiration,  or  loss  of  water,  through  the  leaves  and  stems 
when  the  air  is  very  dry.  It  is  evident  that  certain  species  and  vari^ 
ties  of  crop  plants  are  better  equipped  in  these  respects  than  others, 
since  they  wilt  less  rapidly  when  the  soil  moisture  is  deficient  and 
when  hot,  dry  winds  are  blowing.  Every  farmer  on  the  Great  Plains 
knows  that  under  such  conditions  the  sorgos,  kafirs,  and  milos,  foi 
example,  Avill  remain  fresh  and  green  longer  than  com;  moreover, 
within  the  limits  of  a  single  crop  species  there  are  great  differences 
in  drought  resistance,  some  varieties  being  superior  to  others.  This 
has  been  al)un(lrtntly  proved  in  the  course  of  the  variety-testing  work 
of  the  Of  lice  of  Grain  Investigations  and  of  the  state  experiment  sta- 
tions, wliich  have  shown  certain  varieties  of  wheat,  oats,  barley,  etc., 
to  be  more  (houj^ht  resistant  than  others.    Finally,  every  close  observer 
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wiD  notice  that  some  individual  plants  of  a  variety  are  markedly 
more  resistant  than  other  plants  from  the  same  lot  of  seed  growing 
beside  them.  This  fact  gives  the  plant  breeder  an  opportunity  to 
produce  still  more  resistant  strains  of  the  drought-resistant  varieties 
by  the  persistent  selection  oi  such  individual  plants. 

Other  qualities  of  the  plant  must  not  be  neglected  in  breeding 
forage  plants  for  drought  resistance.  The  quantity  and  quality  of 
the  hay  and  seed  are  equally  important.  The  individual  plants 
which  are  actually  most  drought  resistant  may  be  deficient  in  yield 
and  quality  and  will  have  to  be  discarded  in  favor  of  other  individuals 
of  somewhat  less  drought  resistance  but  in  other  respects  superior. 
Good  seed  production  is  essential  not  only  in  species  that  are  grown 
primarily  for  the  seed,  but  in  those  which  are  grown  for  hay,  since  in 
order  to  keep  the  variety  drought  resistant  it  Ls  necessary  that  the 
seed  should  be  produced  in  the  region  to  which  it  is  adapted.  For- 
tunately the  yield  and  quality  of  the  seed  are  generally  better  in 
semiarid  than  in  humid  regions.  This  is  notably  the  case  with 
alfalfa,  of  which  most  of  the  commercial  seed  at  present  grown  in  the 
United  States  is  produced  under  irrigation  and  consequently  is  not 
the  best  adapted  to  dry-land  agriculture. 

In  perennial  plants  like  alfalfa  and  the  principal  meadow  grasses, 
hardiness  or  resistance  to  winterkilling  is  another  essential  charac- 
teristic, especially  in  the  northern  part  of  the  Great  Plains.  Early 
maturity  is  of  great  importance  in  the  growth  of  annual  crops.  One- 
half  of  the  annual  precipitation  in  this  region  occurs  from  April  to 
July,  inclusive.  It  is  therefore  desirable  to  obtain  early-maturing 
strains  which  will  make  most  of  their  growth  during  the  period  when 
the  soil  contains  its  greatest  amount  of  moisture.  In  the  northern 
part  of  the  Great  Plains  the  development  of  locally  adapted  varieties 
of  sorgos,  milos,  and  other  late-maturing  crops  is  hindered  by  the 
shortness  of  the  season.  In  breeding  these  plants  the  ability  to  ripen 
seed  as  early  as  possible  is  a  characteristic  that  can  not  be  overlooked. 

HISTORY  OF  THE  INVESTIGATIONS. 

The  plant  breeding  for  drought  resistance  described  in  this  paper 
is  a  continuation  of  the  work  begun  by  Prof.  W.  A.  A\Tieeler  in  1904 
at  the  Higlmaore  substation  of  the  South  Dakota  Agricultural  Ex- 
periment Station.  Professor  Wheeler  was  at  that  time  botanist  of 
the  South  Dakota  station.  The  writer  was  associated  with  him  as 
student  assistant  in  botany  and  was  in  close  touch,  almost  from  the 
beginning,  with  the  plant-breeding  work  carried  on  under  his  direc- 
tion. In  the  breeding  work  at  Ilighmore  all  the  principal  forage 
crops  of  the  region  were  taken  up,  alfalfa,  clover,  millet,  sorghum, 
smooth  brome-grass  (Bronius  inermis)^  western  wheat-grass  {Agro- 
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13.3  inches.  The  greater  part  of  the  ramfall  in  this  region  occurs 
during  the  early  growing  season,  and  the  latter  part  of  the  summer 
is  liable  to  be  exceedingly  dry. 

Although  the  soil  type  at  Bellefourche  is  peculiar  to  only  a  part  of 
the  region,  the  similarity  of  the  climatic  conditions  is  such  that  we 
may  expect  that  strains  of  forage  crops  developed  at  this  station  will 
be  adapted  to  the  greater  part  of  western  North  and  South  Dakota 
and  eastern  Montana.^ 

AKRON   DRY-LAND   STATION. 

The  Akron  Dry-Land  Station  is  conducted  by  the  Office  of  Diy- 
Land  Agriculture  Investigations  of  the  Bureau  of  Plant  Industry. 
The  farm  is  located  about  4  miles  east  of  Akron,  Washington  County, 
in  northeastern  Colorado.  It  was  selected  as  a  desirable  place  for 
breeding  drought-resistant  forage  crops  because  of  its  central  loca- 
tion in  the  Great  Plains.  The  cUmatic  conditions  are  probably  more 
severe  here  than  in  the  greater  part  of  the  central  Great  Plains,  but  in 
general  the  station  is  representative  of  a  large  part  of  the  area.  The 
altitude  of  the  station  is  nearly  4,700  feet,  being  about  1,800  feet 
higher  than  the  BeUefourche  station.  The  average  annual  precipi- 
tation, as  computed  from  the  records  at  several  places  in  eastern  Colo- 
rado, is  about  17  inches,  though  the  precipitation  at  Akron  for  the 
past  few  years  has  slightly  exceeded  this. 

The  land  at  the  Akron  station,  on  which  the  plant-breeding  nursery 
is  located,  was  broken  from  the  native  sod  in  June,  1907,  and  has  been 
under  cultivation  ever  since.  The  soil  may  be  classed  as  a  loam,  and 
is  generally  favorable  for  the  production  of  crops  when  sufficient 
moisture  is  present.  The  soil  is  typical  of  the  **hard  lands"  of  the 
Great  Plains,  as  distinguished  from  the  ^'sand  lands"  of  eastern 
Colorado,  western  Nebraska,  and  other  sections  of  this  region.  The 
moisture  equivalent  of  the  Akron  soil  is  about  17  per  cent,  which 
indicates  that  it  is  only  medium  in  water-storing  capacity. 

ALFALFA  BREEDING  FOB  DBOTJGHT  BESISTANCE. 

ALFALFA  BREEDING  AT  THE  BELLEFOURCHE  EXPERIMENT  FARM. 

SEGREGATION   OF  STRAINS. 

In  the  alfalfa  breeding  at  Bellefourche,  while  increased  tlrought 
resistance  has  been  the  ])rineipal  object  in  view,  it  has  been  necessary 
also  to  take  into  consideration  hardiness,  seed  production,  and  the 

o  In  transferring  the  breeding  work  from  nighmore  to  Bellefourche,  the  crops  were 
placed  under  different  conditions  of  soil  and  a  slightly  different  climate.  The  soil 
at  the  Highmore  substation  is  a  glacially  deposited  clay  loam,  containing  some  sand. 
The  altitude  is  a  little  less  than  1,700  feet,  as  compared  with  2,900  feet  at  the  Belle- 
fourche station,  and  the  precipitation  is  about  17  or  18  inches  annually.  Highmore 
may  be  considered  as  located  near  the  eastern  edge  of  the  Great  Plains,  while  Belle* 
fourche  is  representative  of  the  more  arid  portion  of  the  northern  Great  Plains. 
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yield  and  quality  of  the  forage.  All  selections  have  been  made  with 
the  idea  of  combining  lai^e  forage  and  seed  production  in  the  same 
individual  plant,  the  forage  type,  however,  receiving  first  considera- 
tion. A  thorough  test  of  the  yields  of  all  strains  developed  is  made 
in  broadcast  plats  and  in  cultivated  rows.  It  should  be  said  that  no 
proper  test  of  drought  resistance  has  been  had  in  the  alfalfa-breeding 
work  up  to  this  time.  During  the  time  the  work  was  carried  on  at 
Highmore,  from  1905  to  1907,  inclusive,  the  annual  rainfall  was  above 
the  average  for  that  station.  The  season  of  1908  at  Belief ourche  was 
a  dry  one,  but  tliis  was  the  year  when  the  breeding  work  was  begun 
there  and  the  plants  were  too  young  to  afford  records  of  yields  under 
dry  conditions.  But  since  the  first  season's  growth  of  an  alfalfa, 
plant  is  a  critical  period  in  its  life,  and  since  these  selections  made  a 
good  growth  at  Belief  ourche  in  the  comparatively  drj'  year,  1908,  it 
would  seem  that  they  must  be  at  least  fairly  drought  resistant. 

During  the  season  of  1909  the  precipitation  was  again  above  the 
average,  so  that  no  test  of  drought  resistance  was  secured  that  year. 
It  will  therefore  be  necessary  to  retain  all  of  the  progeny  rows  and 
plats  until  a  proper  test  of  drought  resistance  is  secured. 

The  alfalfa  stocks  used  in  tlie  breeding  work  at  Bellefourche  con- 
sisted of  selections  from  six  strains  which  were  grown  at  the  High- 
more  (S.  Dak.)  substation.  Two  of  these  strains.  South  Dakota  No. 
162  and  No.  164,  are  recommended  by  Prof.  W.  A.  Wheeler  in  Bulle- 
tin 101  of  the  South  Dakota  Agricultural  Experiment  Station  as  the 
best  of  the  stocks  tested  at  Highmore.  The  twenty  stocks  tested 
there  included  several  hardy  stocks  imported  by  the  Department  of 
Agriculture  previous  to  the  year  1905.  The  two  best  varieties,  which 
are  described  on  a  later  page  of  tliis  bulletin,  proved  to  be  perfectly 
hardy  and  of  good  forage  and  seed  producing  abiUty.  Four  other 
stocks  tested  at  Highmore,  which  proved  fairly  hardy,  are  also  repre- 
sented in  the  breeding  plats  at  Bellefourche.  In  the  following  dis- 
cussion each  strain  is  designated  by  a  letter,  the  selections  made  from 
each  strain  being  numbered  in  consecutive  order;  as  A-1,  £1-12,  etc. 

Strain  A. — Tliis  is  Soutli  Dakota  No.  65.  The  seed  was  screened 
from  a  lot  of  durum  wheat  imported  from  Tashkend,  Turkestan,  in 
1902,  by  the  United  States  Department  of  Agriculture.  It  was 
planted  in  1902  on  a  small  plat,  about  12  by  50  feet,  at  Brookings, 
S.  Dak.  This  plat  went  through  four  seasons  there  (from  the  spring 
of  1902  to  the  fall  of  1906),  and  did  not  suffer  any  from  winterkilling. 

**Seed  from  this  plat  [harvested  in  1904]  was  planted  at  the  High- 
more  substation,  in  1905,  in  a  selection  row.  A  few  of  the  plants  in 
this  row  died  during  the  winter  of  1905-6,  showing  that  it  is  not  per- 
fectly hardy  under  severe  test.""    The  plants  now  growing  at  Belle- 

^Wlieeler,  W.  A.    Bulletin  101,  South  Dakota  Agricultural  Experiment  Station, 
p.  135. 
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fourche  represent  the  fourth  generation  of  seed.  They  are  somewl] 
coarse,  with  stems  inclined  to  be  stout  and  not  greatly  branch^ 
The  results  obtained  tliis  season  indicate  that  this  strain  is  fair 
seed  production. 

Strain  B, — This  is  South  Dakota  No.  66.  **The  seed  was  obtain 
by  Prof.  N.  E.  Hansen,  from  Merke  Gat.  43°  N.,  long,  l^""  E.),  nori 
em  Turkestan  in  1898  for  the  United  States  Department  of  Agrici 
ture.  It  was  distributed  by  the  department  as  S.  P.  I.**  No.  IK 
It  was  sown  in  a  small  plat  at  Brookings  in  1899  and  has  not  wint< 
killed  to  date.  The  seed  from  this  plat  was  sown  at  Highmore 
1905  in  selection  rows.  The  results  seem  to  show  it  to  be  about  eqi 
to  No.  65  in  quality,  hardiness,  and  seed  production. ''*  The  plar 
of  this  variety  are  large,  coarse,  woody  in  texture,  and  poor  in  amou 
of  branching.  It  has  proved  the  poorest  in  seed  yield  of  any  of  i 
varieties  tested  at  Bellefourche. 

Strain  C. — This  is  South  Dakota  No.  67.  **The  seed  was  obtauu 
from  the  Minnesota  experiment  station  as  Minnesota  No.  3  in  1902.^ 
Minnesota  No.  3  was  derived  from  seed  purchased  by  the  Minnesoi 
experiment  station  from  a  commercial  seed  firm  under  the  name  < 
^* Grimm"  alfalfa,  but  has  shown  itself  to  be  different  from  thi 
variety  in  hardiness  and  other  qualities.  It  is  similar  in  type  of  pl« 
to  strain  E  described  below,  but  is  somewhat  inferior  in  both  foraf 
and  seed  yield. 

Strain  Z>. — This  is  South  Dakota  No.  150,  purchased  from  a  see 
firm  as  Turkestan  alfalfa.  It  is  similar  in  type  of  plant  to  the  oth^ 
Turkestan  strains,  which  are  inclined  to  be  woody,  spreading,  ei 
lacking  in  leafiness  and  branching. 

Strain  E, — This  is  South  Dakota  No.  162.     This  strain  origin! 
from  the  Grimm  alfalfa  which  has  been  grown  near  Excelsior,  Mil 
for  more  than  fifty  years.*^    In  all  the  tests  at  Brookings,  Highin< 
and  Bellefourche  it  has  proved  superior  to  all  other  stocks  test 
seed  production,  hardiness,  and  forage  type  of  plant.     The 
tions  grown  at  Bellefourche  are  inclined  to  be  very  leafy,  mi 
branched,   with  short  intemodes  and  fine  stems.     This  gives 
maximum  amount  of  palatable  forage.     The  selections  have  pi 
to  be  uniformly  good  in  seed  production,  wliich  is  a  valuable  cl 
acteristic  of  these  selections,  since  the  seed  yield  is  one  of  the  ini] 
tant  features  of  the  crop  in  the  Great  Plains  region. 


«  An  abbreviation  for  the  Office  of  Foreign  Seed  and  Plant  Introduction  of  theUi 
States  Department  of  Agriculture. 

6  Wheeler,  W.  A.,  loc.  cit. 

c  Brand,  (\  J.    The  Acclimatization  of  an  Alfalfa  Variety  in  Minnesota.    Sci^ 

vol.  28,  1908,  p.  891.     Westgate,  J.  M.    liulletin  169,  Bureau  of  Plant  IikIi 

U.  S.  Dept.  of  Agriculture,  1909.     Science,  vol.  30,  1909,  p.  184. 
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Strain  F. — This  is  South  Dakota  No.  164,  which  is  thought  to  be 
S.  P.  I.  No.  091,  a  Turkestan  stock.  This  strain  is  less  coarse  and  is 
better  in  quality  of  forage  than  most  of  the  Turkestan  varieties. 
In  amount  of  seed  produced  it  stands  second  to  strain  E,  as  noted  in 
Table  I.  .  ' 

A  part  of  the  selections  with  which  the  breeding  work  was  begim  at 
Bellefourche  were  made  in  1907  by  Mr.  John  Cole,  now  of  the  Office 
of  Dry-Land  Agriculture  Investigations  of  the  United  States  Depart- 
ment of  Agriculture,  but  at  that  time  connected  with  the  South 
Dakota  Agricultural  Experiment  Station  and  in  charge  of  the  High- 
more  substation.  These  are  selections  A  1  and  2,  B  1,  C  1-4,  D  1 
and  2,  E  1-7,  and  F  1-3.  Selections  E  9-16  and  F  4-12  were  made 
at  the  Highmore  substation  in  1906  by  Prof.  W.  A.  Wheeler.  Selec- 
tions E  17-31  and  many  other  selections  not  described  in  this  bulle- 
tin were  made  by  the  writer. 

I  BREEDING  METHODS  USED. 

In  the  alfalfa-breeding  nursery  (PI.  I,  fig.  1)  plants  are  grown 
singly  in  hills  21  inches  apart,  the  rows  being  42  inches  apart.  This 
allows  76  plants  to  a  row  in  the  regular  plats  of  the  station,  which 
are  8  rods  long.  The  seed  from  a  single  plant  is  generally  planted  in 
one  row  of  hills,  but  when  sufficient  seed  was  available,  two  rows  of 
hills  have  been  planted  to  a  single  selection,  and  when  the  quantity 
of  seed  available  was  small,  less  than  a  full  row  has  been  planted  to 
a  selection.  Wliere  less  than  a  row  was  planted  there  were  25  or  50 
hills  instead  of  75,  as  in  a  full  row.  The  hills  are  planted  at  definite 
distances  apart  so  that  the  rows  of  plants  are  in  line  in  both  directions. 
(See  PL  I,  fig.  1.)  Each  row  is  given  a  progeny  number  and  each 
plant  within  the  row  an  individual  number  corresponding  to  the 
number  of  the  hill  in  which  the  plant  grows.  If  a  plant  is  missing 
in  the  row  the  order  of  numbering  is  not  changed,  each  plant  in  the 
row  being  permanently  designated  by  the  position  it  actually  occupies. 
This  system  makes  a  convenient  and  certain  means  of  designating 
each  plant  and  obviates  the  use  of  stakes  except  at  the  head  of  the  row. 

At  the  period  when  the  first  blossoms  appear  the  plants  in  the 
nursery  are  studied  carefully  and  complete  notes  are  taken  as  to 
the  tj'pe  of  plant,  the  amount  of  branching,  leafiness,  and  the  color 
of  the  flowers.  The  forage  type  of  plant  is  best  judged  at  this  time, 
for  it  is  at  this  stage  in  the  development  of  the  plant  that  it  should 
be  cut  for  forage.  After  these  notes  are  taken  all  the  inferior  plants, 
together  with  such  as  are  divergent  from  the  type  of  tlie  row,  are  cut 
and  removed  from  the  nursery.  Tliis  is  done  in  order  that  the  pollen 
from  these  inferior  plants  will  not  be  carried  to  and  fertilize  the 
flowers  of  the  superior  plants.  It  may  be  explained  further  that  all 
plants  at  the  ends  of  the  rows  are  discarded.     This  is  done  in  order  to 
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secure  comparable  results  of  yields  per  plant  from  each  progeny  row, 
as  the  end  plants,  because  of  then*  favored  position,  make  a  larger 
growth.  The  purpose  is  to  secure  acciu*ate  comparative  yields  of  ail 
the  progeny  rows. 

Later  in  the  season,  when  the  seed  is  ripe,  the  superior  individuals 
are  selected  as  mother  plants  to  furnish  seed  for  planting  the  following 
season  and  thus  continue  the  work  of  selection.^ 

After  the  superior  plants  have  been  selected  the  bulk  of  the  plants 
in  the  row  are  harvested,  dried  in  shocks,  weighed,  and  thrashed. 
Since  a  record  is  kept  of  the  number  of  plants  harvested,  an  accurate 
estimate  of  the  producing  power  per  plant  of  each  row  is  easily  made. 
The  yields  of  the  progenies  grown  at  Bellefourche  during  the  season 
of  1909,  wliich  are  in  the  fourth  generation  of  selection,  are  presented 
in  Table  I. 

UNIFORMITY   OF  PLANTS  IN  THE   PROGENY   ROWS. 

Breeding  work  with  a  plant  like  alfalfa  has  the  special  advantage 
that  one  is  able  to  compare  living  plants  belonging  to  different  genera- 
tions of  selection.  Alfalfa  being  perennial,  the  mother  plants  can  be 
retained  in  their  original  places  in  the  breeding  nursery  for  com- 
parison with  their  progeny.  Thus,  the  degree  in  which  the  progeny 
has  inherited  the  desirable  characters  of  the  mother  plant  can  be 
checked  by  direct  comparison.  In  general,  there  has  been  great  uni- 
formity in  the  rows  although  they  are  the  progeny  of  plants  that 
were  selected  without  any  precaution  to  insure  close  pollination. 
As  shown  in  Table  I,  in  29  out  of  86  progeny  rows  harvested  sepa- 
rately, in  which  the  plants  '*off  type*'  were  discarded,  over  80  per 
cent  of  the  plants  in  each  row  were  harvested  as  imiform  in  type. 
Some  prominent  types  may  be  noted,  as  E-2,  in  which  the  plants 
were  very  erect,  rather  slender,  and  only  moderately  branched,  and 
had  dark-purple  flowers.  This  is  a  rather  distinct,  easily  recognizable 
form  and  it  \\H11  be  noted  that  84  per  cent  of  the  plants  in  this  row 
conformed  to  the  type.  B-1  is  another  distinct  type;  the  plants  are 
tall,  coarse,  slightly  branched,  and  woody,  with  very  light  purple 
flowers  fading  to  white.  Of  the  plants  in  this  row  92  per  cent  were 
typical.  In  some  progeny  rows  the  variation  in  type  of  plant  has 
been  great,  but  in  general  the  uniformity  is  close  enough  to  show  that 
this  metliod  of  simple  selection  \\ithout  isolation  can  give  valuable 
results  in  breedin<r  alfalfa. 


a  Ilcret oforo  the  })lants  liave  not  been  inclosed  with  screens  to  insure  self-pollination; 
but  it  Lm  the  ])lan  in  future  work  to  inclose  a  number  of  plants  and  pollinate  them  by 
hand  and  thus  ^(»t  a  comparison  of  the  uniformity  of  progeny  of  screened  plants  and 
thase  whic^h  are  exposed  in  the  normal  way  to  the  chance  of  cross-pollination  by 
insects.  These  scrcK'ns  will  be  placed  over  the  plants  at  the  beginning  of  the  bloa. 
soming  period,  llitlierto  the  only  distinction  made  with  superior  plants  has  been  to 
harvest  them  separately  at  the  time  the  seed  matured. 
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COMPARATIVE  YIELDS <»  OF  THE  DIFFERENT  STRAINS  AND  PROGENIES. 

Table  I. —  Uniformity  and  seed  yield  of  plants  of  alfalfa  grown  in  progeny  rows  at  Belle- 

fourche,  S.  Dak.,  in  1909, 


Strain. 

Progeny 

Proportion 
of  typical 
plants  in 

Average 
dry  weight 

Average 
seed  yield 
per  plant. 

Seed  yield 

per  100 

grams  of 

dry  plant. 

progeny 
rows. 

per  plant. 

Per  cent. 

Qrams. 

OratM. 

OrwM. 

A 

1 

91 

138 

21 

15.2 

2 

88 

129 

16 

12.4 

B 

1 

92 

153 

12 

7.8 

C 

1 

82 

150 

14 

9.3 

2 

81 

150 

21 

14.0 

3 

79 

135 

16 

11.9 

4 

85 

132 

20 

15.1 

D 

I 

89 

138 

13 

9.4 

2 

85 

123 

•    17 

13.8 

E 

1 

79 

171 

27 

15.8 

2 

84 

171 

18 

10.5 

3 
4 

72 

88 

23 
33 

i89" 

vi'.i" 

5 

80 

144 

23 

16.0 

, 

6 

82 

192 

32 

16.7 

7 

80 

150 

25 

16.7 

9 

91 

150 

22 

14.7 

10 

90 

138 

22 

16.0 

12 

100 

150 

21 

14.0 

13 

95 

138 

19 

13.8 

15 

74 

180 

27 

15.0 

16 
17 

83 
85 

28 
20 

i38" 

iiT" 

18 

66 

165 

28 

17.0 

19 

84 

180 

33 

18.3 

F 

1 

85 

144 

18 

12.5 

2 

76 

150 

20 

13.3 

3 

81 

150 

19 

12.7 

5 

87 

135 

14 

10.4 

6 

87 

132 

15 

11.4 

7 

91 

134 

22 

16.4 

8 

83 

192 

28 

14.6 

9 

57 

144 

17 

11.8 

10 
11 

85 

82 

21 
20 

i44" 

13.9  ■ 

12 

91 

180 

30 

16.7 

The  results  given  in  Table  I  were  obtained  from  a  large  number  of 
plants.  Where  the  progeny  occupied  two  rows  of  the  breeding 
nursery  the  number  of  plants  harvested  in  the  bulk  lot  exceeded  100. 
Where  the  progeny  occupied  one  row  the  number  of  plants  usually 
exceeded  50,  but  where  less  than  a  row  was  planted  the  report  shows 
the  yield  of  only  20  to  50  plants.  Yields  estimated  on  more  than 
50  plants  should  represent  fairly  the  producing  power  of  the  progeny 
under  this  system  of  planting.  Column  3  of  Table  I  shows  the  per- 
centage of  plants  of  uniform  type  in  the  progeny  row,  leaving  out  of 
consideration  the  inferior,  plants  which  were  discarded  early  in  the 
season. 

The  dry  weight  of  the  plants  and  the  seed  yield  have  been  reduced 
to  an  average  per  plant  so  as  to  afford  a  comparison  of  the  producing 

*The  yields  obtained  in  the  breeding  nurser}',  where  each  plant  has  much  more 
space  than  in  ordinary  field  culture,  do  not  necessarily  indicate  that  under  field 
conditions  the  different  strains  will  be  foimd  to  occupy  the  same  relation  to  each 
other  in  comparative  yielding  power. 
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power  of  the  progeny.  Column  6  of  the  table  gives  the  seed  yield 
per  100  grams  weight  of  plant,  showing  the  relation  between  the  seed 
yield  and  forage  production  in  each  progeny  row.  It  will  be  seen 
that  a  large  seed  yield  is  usually  associated  with  a  large  forage  yield, 
as  is  shown  by  a  comparison  of  columns  4  and  5.  This  result  throws 
some  light  upon  the  question  whether  or  not  heavy  seed  production 
and  heavy  forage  production  are  opposed,  or  whether  they  can  be 
combined  in  the  same  individual;  the  results  seem  to  indicate  that 
these  two  characteristics  can  be  combined.  This  purpose  has,  in  fact, 
been  constantly  kept  in  mind  in  the  selection  of  the  mother  plants. 

Table  II  is  inserted  to  show  the  comparative  yields  of  the  strains 
represented  in  the  breeding  work.  It  will  be  seen  that  strain  E  ex- 
ceeds all  others  in  both  seed  yield  and  forage  production,  as  shown 
by  the  yield  per  plant,  and  that  large  seed  yield  and  heavy  forage 
production  can  be  combined  in  the  same  strain. 

Table  II. — Proportion  of  plants  winUrhlUd  and  average  yield  of  each  strain  represerued 
in  the  alfalfa-breeding  nursery  (U  Bellefovarhej  S.  Dak.^  in  1909. 


strain. 

• 

Variety  from  which  derived. 

winter- 

Total 
number  of 

plants 
harvested. 

Average 
dry  weight 
perplBDt. 

Average 
seedvidd 
per  plant. 

A 

Turkestan 

Per  cent. 

182 
132 
281 
121 

eoi 

354 

Gromt. 
147 

(Trsaw. 

18 

B 

Do 

2 

153                   12 

c 

GrimiD 

141  '                 IS 

D 

r-ommercliil  Turkestan 

132  >                  14 

E 

Orlmm 

4 
1 

lfl2 
160 

21 

F 

Turkestan     . . .... 

21 

WINTERKILLING. 


The  winterkilling  of  the  varieties  in  the  breeding  nursery  during 
the  winter  of  1908-9  was  practically  negligible,  while  the  broadcast 
plats  and  cultivated  rows  of  the  same  varieties  did  not  show  any 
killing  at  all.  The  nursery  method  of  planting,  where  each  plant 
stands  alone  and  unprotected,  is  the  most  severe  t^est  of  hardiness. 
At  the  Ashcroft  (S.  Dak.)  Weather  Bureau  station,  where  conditions 
are  probably  most  nearly  representative  of  the  Bellefourche  Experi- 
ment Farm,  a  temperature  of  —  30°  F.  was  recorded  in  January,  1909. 

It  should  be  said  that  the  varieties  of  alfalfa  represented  in  the 
breeding  plats  at  the  Bellefourche  Experiment  Farm  have  been  sub- 
jected to  severe  winterkilling  tests  for  several  generations.  They 
represent  selections,  some  of  three  and  some  of  four  generations  c^ 
individual  plants  grown  in  the  breeding  nursery  at  Highmore  under 
conditions  which  eliminated  the  less  hardy  individuals.  The  mini- 
mum temperatures  recorded  during  the  time  the  work  was  carried 
on  at  the  Highmore  substation  are  as  follows:  1904,  —27®  F.;  1905, 
-36°  F.;  1906,  -31°  F.;  1907,  -27°  F.    There  was  some  winter- 
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tdlliiig  during  each  of  these  winters,  especially  in  the  breeding  nur- 
sery, where  the  test  is  most  severe.  The  winter  of  1905-6  was 
especially  severe;  among  20  stocks  tested  at  Highmore,  8  winter- 
kflled  greatly  and  were  discarded.  Some  wninterkilling  was  noted  in 
all  the  varieties  except  South  Dakota  No.  162,  which  is  strain  E  of 
the  above  table 

rOTURE  TESTING  OP  STRAINS. 

The  bulk  seed  from  each  of  the  best  progeny  rows  was  planted  in 
1910  under  two  conditions,  in  cultivated  rows  (PI.  I,  fig.  2)  and  in 
broadcast  plats.  If  conditions  favor  a  test,  the  comparative  drought 
resistance  of  the  different  strains,  progenies,  and  individual  plants 
will  be  carefully  noted.  At  the  beginning  of  the  season  a  record  of 
their  hardiness  and  earliness  of  development  was  made.  Later  in 
the  season  comparisons  of  yields  will  be  made  from  the  broadcast 
plats  as  to  forage  production  and  from  the  cultivated  rows  as  to  seed 
production.  If  the  progenies  which  have  proved  superior  thus  far 
continue  to  show  superiority  in  these  characters,  combined  with 
hardiness  and  drought  resistance,  seed  from  them  will  be  increased 
and  distributed  as  soon  as  possible. 

ALFALFA    BREEDING    AT   THE    AKRON   DRY-LAND   STATION. 

The  plan  followed  at  Bellefourche  in  the  alfalfa^breeding  work  has 
been  followed  at  the  Akron  Dry-Land  Station.  There  is  not  likely 
to  bo  so  severe  a  test  of  hardiness  or  resistance  to  winterkilling  at 
Akron  as  farther  north  in  the  Great  Plains.  The  test  of  drought 
resistance,  however,  is  Ukely  to  be  quite  as  thorough. 

The  strains  of  alfalfa  are  the  same  as  those  used  at  the  Bellefourche 
Experiment  Farm.  The  plan  has  been  to  divide  the  seed  of  the  selec- 
tions made  at  Bellefourche  and  from  other  sources  and  plant  part  of 
the  seed  at  Bellefourche  and  part  at  Akron.  In  this  way  a  comparison 
of  the  effect  of  somewhat  different  chmatic  and  soil  conditions  can  be 
made  and  the  possibility  of  obtaining  an  adequate  test  of  drought 
resistance  is  increased.  As  the  breeding  nursery  was  established  in 
1909,  no  results  have  yet  been  obtained  except  notes  on  the  season's 
growth  and  the  autumn  stand  of  each  progeny  row. 

SEED   PRODUCTION   OF   ALFALFA    PLANTED   IN   HILLS. 

Maximum  seed  production  in  alfalfa  can  no  doubt  be  attained  by 
growing  plants  in  such  a  manner  as  to  allow  cultivation  of  the  soil 
rather  than  by  planting  in  broadcast  plats.  The  method  of  planting 
in  single  or  double  cultivated  rows  has  been  recommended  °^  and  is 
unquestionably  an  improvement  over  the  broadcast  method  for  seed 
production.     The  results  as  to  seed  production  in  the  bree<ling  nursery 

o  Brand,  C.  J.,  and  Weetgate,  J.  M.    Circular  24,  Bureau  of  Plant  Industry,  U.  S. 
Dept.  of  Agriculture. 
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at  Bellefourche  suggest  that  the  method  of  planting  in  hills  is  still 
more  favorable  to  seed  production  and  may  be  used  to  good  advantage 
where  it  is  desired  to  increase  rapidly  the  seed  of  some  valuable  strain. 
It  was  observed  that  the  yield  of  seed  in  the  breeding  plats  at  the 
Highmore  substation  was  often  fairly  good  when  the  broadcast  plats 
yielded  Uttle  or  no  seed.  In  1907  a  commercial  seed  firm  in  South 
Dakota,  with  which  the  writer  was  then  associated,  obtained  a  yield 
at  the  rate  of  200  pounds  of  seed  per  acre  in  the  alf  alf arbreeding  nur- 
sery of  half  an  acre.  The  plants  were  grown  singly  18  inches  apart,  in 
rows  36  inches  apart.  In  the  breeding  nursery  at  Bellefourche  in  1909 
the  yield  of  seed  was  much  greater  than  from  alfalfa  seeded  in  broad- 
cast plats  or  in  double-cultivated  rows.  These  yields  are  presented  in 
Table  III. 

Table  III . — Seed  yield  of  alfalfa  planted  in  kills  compared  tviih  broadcast  or  row  planting. 


Plat 
No. 

Method  of  planting  and  variety. 

Seed  vield 

obtained 

on  iV^ere 

plat. 

Pounds. 
20 
26 
12 
84 

Yield 
per  acre. 

Yield  esti- 
mated CD 
perfect 
stand. 

67 
09 

Breeding  nursery,  475  plants,  strains  D  and  F,  in  hills 

Breedins  nursery,  500  plants,  strain  E,  in  hills 

Pwnds. 

200 

260 

120 

85 

348 
430 

61 

Broadcast  plat,  strain  of  Orimm  alfalfa 

62 

Double-cultivated  rows,  strain  of  Qrimm  alfalfa 

In  plat  67,  325  plants,  and  in  plat  69,  350  plants,  were  discarded  or 
missing.  The  missing  plants  had  been  destroj'^ed  chiefly  by  pocket 
gophers.  In  estimating  yields  the  hving  plants  nearest  these  were 
discarded  as  having  had  an  unduly  favorable  opportunity.  For  this 
reason  column  4  is  added,  estimating  the  yield  per  acre  of  a  perfect 
stand  in  the  breeding  nursery,  which  would  be  825  plants  on  the 
^-acre  plat. 

The  method  of  planting  in  liills  or  very  thinly  in  single  rows  can  be 
recommended  only  where  rapid  increase  of  seed  is  desired,  as  when 
some  especially  valuable  selection  is  grown.  With  the  present  inter- 
est in  alfalfa  breeding  and  the  great  need  for  drought-resistant  and 
hardy  strains,  the  price  of  seed  of  superior  strains  is  Ukely  to  be  high. 
Under  such  conditions  the  above  method  of  seed  increase  mav  be 
used  to  advantage. 

BREEDING  DBOTJGHT-BESISTANT  SOBGOS. 
CONDITIONS   TO  BE   MET. 

Sorgo  is  an  important  forage  crop  in  the  central  and  southern  Great 
Plains,  but  its  use  in  the  northern  part  of  the  region  has  been  limited 
because  the  season  is  too  short  to  allow  the  crop  to  mature  seed. 
Sorgo  is  not  Ukely  to  be  planted  extensively  in  regions  where  seed  can 
not  be  matured.  To  purchase  seed  every  year  often  makes  the  crop 
unprofitable.     Further  than  this,  the  greatest  food  value  of  the  crop 
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can  not  be  secured  unless  it  reaches  the  point  of  flowering  at  the  tinie 
of  harvesting.  The  purpose  in  the  breeding  work  described  here  has 
been  to  obtain  a  drought-resistant  and  productive  strain  which  will 
mature  early.  Such  a  strain  would  extend  the  sorgo-growing  area 
north  of  its  present  limits. 

The  breeding  work  with  sorgo  at  Highmore  and  Bellefourche  has 
been  done  with  a  saccharine  sorghum  of  the  Minnesota  Amber  type, 
South  Dakota  No.  341.  Tliis  strain  has  slender  stalks  and  rather 
long,  narrow  leaves.  The  plants  stool  quite  freely,  having  from  two 
to  six  suckers  per  plant.  The  seed  panicles  become  open  and  spread- 
ing as  the  seed  ripens.  The  seeds  are  reddish  yellow  in  color  when 
separated  from  the  glumes.  The  glumes,  however,  are  black  and 
either  smooth  or  slightly  hairy.  In  thrashing,  manj^  of  the  seeds 
separate  from  the  glumes.  The  stock  of  this  variety  was  found  at  the 
Highmore  substation  in  1903  under  the  name  of  '  ^Montana. "  This  is 
all  that  is  known  about  its  history.  It  was  grown  at  Ilighmore  in  1906 
in  comparison  with  two  other  amber  types  and  proved  to  be  two 
weeks  earUer  than  the  varieties  with  which  it  was  compared.  The 
earliness  of  the  type  has  made  it  valuable  as  a  stock  from  which  to 
work.  Tw^o  valuable  selections  (PI.  II,  fig.  1)  were  made  in  the  course 
of  the  breeding  work  at  Highmore,  and  seed  of  these  has  been  increased 
and  is  now  on  the  market. 

The  two  selections  referred  to  were  very  marked  in  point  of  earliness 
and  in  uniformity  of  the  progeny.  It  is  probable  that  the  early 
flowering  of  the  mother  plant  in  each  of  these  selections  prevented 
cross-pollination  from  any  of  the  surrounding  plants,  which  were  ten 
days  or  more  later  in  flowering.  This  insured  self-fertilization  and 
the  resulting  uniformity  of  progeny. 

Yields  of  sorgo,  South  Dakota  No.  341,  at  the  Higlmiore  substation 
for  three  seasons,  1906  to  1908,  inclusive,  and  at  the  Bellefourche  sta- 
tion for  1908  and  1909,  were  furnished  by  the  Office  of  Dry-Land 
Agriculture  Investigations.  These  yields  are  from  each  of  two  ^-acre 
plats  used  in  the  rotation  experiments  of  that  office  and  are  as  follows: 

Tabus  IV. —  Yield  per  acre  of  air-dry  fodder  at  Highmore  and  Bellefourche ,  S.  Dak. 


Place  and  jear. 


HJKhmore: 

1906 

1«7« 

1«B 

B«lleioiirche:6 

1908 

1909 


Yield  of 
rotation 
No.  33. 

Yield  of 
rotation 
No.  34. 

Pounds. 

11,140 

4.94() 

8.150 

2.330 
4.2SO 

Pounds. 

10,810 

5,760 

7,250 

4,200 
7.560 

ATcnge  per  acre  of  all  plats. 


Average 
yield. 


Pounds. 
10.975 
5,350 
7,700 

3,265 
5.920 

6,642 


'The  low  yields  in  1907  at  Highmore  were  due  to  a  poor  stand  of  plants  in  both  plats. 

^  Tlie  lower  yields  in  rotation  No.  33  than  in  No.  M  at  Bellefourche  for  both  years,  1908  and  1909,  are  due 
to  the  poorer  tvne  of  soO  where  the  plats  of  rotation  No.  33  were  located.  The  soil  there  is  very  poor  in 
90tSi  oeing  ttabie  to  puddling  and  to  extreme  baking  when  dry. 
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The  average  yield  of  6,642  pounds  of  feed  per  acre  at  these  two 
stations  is  sufficient  to  warrant  the  growing  of  this  strain  where 
forage  of  this  kind  is  desired. 

SORGO  BREEDING  AT  THE  BELLEFOURCHE  EXPERIMENT  FARM. 

In  1908  the  writer  obtained  some  of  the  bulk  seed  of  the  South 
Dakota  No.  341  stock  from  the  Highmore  substation  and  planted  a 
field  with  it  at  Bellefourche  for  the  purpose  of  making  selections.  In 
September,  1908,  18  individual  selections  were  made  in  this  field. 
These  were  selected  for  earUness,  amount  of  stooling,  and  uniformity 
of  the  main  stalk  and  suckers  in  height  and  ripening.  The  selections 
ranged  in  date  of  ripening  from  September  10  to  September  20,  in 
height  from  4i  to  6J  feet,  in  yield  of  seed  from  50  to  100  grams,  and 
in  number  of  suckers  from  3  to  5  per  plant.  The  characters  which 
make  the  most  desirable  tj^pe  of  forage  sorgo  are  slender  stems,  uni- 
formity in  the  size  of  the  suckers  on  each  plant,  and  large  total  leaf 
surface,  and  these  points  governed  the  selection. 

The  seed  of  each  of  these  selected  plants  was  planted  in  a  single 
row,  8  rods  long,  in  1909.  In  date  of  ripening  the  progeny  rows  were 
very  similar  to  the  mother  plants,  ranging  from  September  10  to  Sep- 
tember 18.  In  height  the  progenies  exceeded  the  respective  mother 
plants  by  about  6  inches,  the  plants  ranging  from  5  to  6  feet  high. 
This  was  probably  due  to  the  more  favorable  season  in  1909.  Each 
individual  row  was  quite  uniform  as  to  height  and  type.  (PL  II, 
fig.  2.) 

In  order  to  show  what  characters  apart  from  drought  resistance  are 
regarded  as  most  important  in  a  sorgo  for  the  northern  Great  Plains 
and  to  give  some  idea  of  the  amount  of  diversity  still  remaining  in 
this  selected  stock,  short  descriptions  are  given  of  the  types  that  pre- 
dominated in  the  1909  progenies  of  the  five  most  promising  selections. 
It  is  possible  that  strains  derived  from  more  than  one  of  these  selec- 
tions may  ultimately  be  found  valuable  for  this  region.  Thus,  near 
the  northern  Hmit  for  sorgo  culture  the  earUest  maturing  strain,  even 
if  somewhat  inferior  in  other  respects,  may  prove  to  be  the  most  use- 
ful, while  farther  south  a  later  developing  strain  which  produces  a 
better  quaUty  of  forage  may  be  preferred. 

Selection  No.  2, — Plants  in  this  row  stooled  freely;  the  stalks  were 
small  and  fine  and  there  were  many  small  suckers  which  would  make 
forage  of  good  quality.  The  progeny  was  good  in  seed  production 
and  uniform  in  early  ripening.     This  was  one  of  the  best  rows. 

Selection  No,  6. — This  was  a  good  row,  but  was  shghtly  later  than 
that  of  selection  No.  2  in  ripening  seed.  It  was  very  uniform  in 
height  and  type  of  plant.  The  plants  were  very  leafy  and  had 
numerous  suckers  that  were  slender  and  fine. 
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Selection  No.  9. — ^This  was  about  the  best  row  in  the  breeding  plat; 
the  plants  stooled  freely,  the  stalks  were  small,  and  the  plants  uni- 
form in  height  and  type.     It  was  early  and  uniform  in  ripening  seed. 

Selection  No.  10. — ^This  row  was  very  similar  to  that  of  selection 
No.  9  except  that  the  plants  were  later  in  maturing  and  the  stalks 
were  slightly  thicker.     (See  PI.  II,  fig.  2.) 

Selection  No.  12. — ^This  was  a  fairly  good  row;  the  stalks  were 
small  and  the  plants  stooled  freely  and  were  early  in  ripening.  A 
peculiarity  of  this  row  was  that  a  large  percentage  of  the  outer  glumes 
of  the  seed  were  free  from  hairs. 

Bulk  seed  was  saved  from  each  of  the  above  selections.  This  seed 
was  harvested  September  16,  when  nearly  all  the  plants  in  the  breed- 
ing nursery  were  mature.  Seed  from  each  row  was  harvested  sepa- 
rately by  cutting  the  mature  panicles  from  all  the  plants  that  showed 
the  type  characteristic  of  the  row.  No  comparisons  of  yields  of  either 
seed  or  forage  were  made,  as  the  differences  in  stand  in  the  different 
rows  would  have  made  the  comparison  of  little  value.  The  bulk  seed 
from  each  row  was  planted  in  field  plats  in  1910  for  comparison  of 
their  drought  resistance,  yield,  uniformity,  earliness,  and  other  char- 
acteristics. The  writer  believes  that  sorgo  can  be  made  a  valuable 
crop  in  the  northern  sections  of  the  Great  Plains  if  this  early-matur- 
ing type  is  planted.  Since  no  strain  that  will  ripen  seed  is  at  present 
generaUy  grown  in  this  region,  it  would  seem  desirable  to  increase 
seed  of  these  superior  selections  as  rapidly  as  possible  for  distribution 
to  farmers. 

80BG0   BREEDING   AT  THE   AKRON   DRY-LAND   STATION. 

Seed  of  each  of  the  selections  made  at  Belief ourche  in  1908  was 
planted  in  single  rows  8  rods  long  at  the  Akron  Drj'-Land  Station  in 
1909.  Each  of  the  plants  selected  in  1908  bore  two  or  more  panicles 
of  mature  seed.  The  seed  from  one  of  these  panicles  was  planted  at 
Belief  ourche  and  the  seed  from  the  other  at  Akron.  The  progeny 
was  very  similar  in  type  of  pdant  and  general  characteristics  to  that 
grown  at  the  two  stations,  but  it  is  evident  that  extreme  earliness  in 
ripening  is  not  of  first  importance  at  the  Akron  station.  The  progeny 
of  selection  No.  13  was  considered  the  best  row  there,  while  at  Belle- 
fourche  it  was  decidedly  too  late  in  maturing  and  the  stalks  had  a 
tendency  to  be  coarse  and  pithy.  This  row,  No.  13,  was  harvested 
for  seed,  and  the  seed  was  planted  for  comparison  with  other  varieties 
in  1910. 

It  is  probable  that  later  maturing  varieties  (for  example,  Orange 
and  Red  Amber)  may  be  grown  to  good  advantage  at  Akron,  and  in 
future  drought-resistance  breeding  work  at  that  locality  such  varieties 
will  be  considered. 
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BBBEDING  DBOUOHT-BBSISTANT  MXLLBTS. 
SEGREGATION  OF  STRAINS. 

Several  varieties  of  foxtail  millets  {ChaetocUoa  italica)  are  grown 
rather  extensively  in  the  northern  Great  Plains.  This  crop  is  espe- 
cially valuable  there  because  it  requires  only  a  few  weeks  to  complete 
its  development;  for  this  reason  it  is  often  used  as  a  "catch  crop"  to 
replace  other  crops  which  have  been  frozen  or  otherwise  destroyed 
in  early  summer. 

Most  of  the  varieties  now  on  the  market  are  mixtures  of  more  or 
less  distinct  types  and  offer  an  excellent  opportunity  to  the  plant 
breeder  to  segregate  these  types  and  develop  pure  strains.  This 
has  been  the  purpose  of  the  work  here  described,  special  attention 
being  given  to  the  segregation  of  strains  characterized  by  drought 
resistance,  early  maturity,  and  maximum  forage  yield. 

RESULTS  OP  PRELIMINARY   WORK  AT  THE   IlIGHMORE   SUBSTATION. 

Mention  is  made  in  Bulletin  101  of  the  South  Dakota  Agricultural 
Experiment  Station  of  the  breeding  work  with  foxtail  millets  carried 
on  in  cooperation  with  the  Bureau  of  Plant  Industry  at  the  Highmore 
substation.  The  breeding  work  was  conducted  with  five  varieties 
of  millet — Kui-sk,  Common,  Siberian,  Hungarian,  and  German. 
Several  uniform  and  productive  strains  were  developed  at  Highmore 
and  were  grown  for  comparison  of  yields,  but  the  results  have  not 
been  published  in  detail.  Seed  of  one  pure  strain  of  Kursk  millet 
developed  at  Highmore  has  been  increased  by  a  commercial  seed 
firm  and  is  now  offered  for  sale.  The  Office  of  Forage-Crop  Investi- 
gations of  the  Bureau  of  Plant  Industry  secured  some  jof  this  seed  in 
1907,  and  it  was  distributed  under  S.  P.  I.  No.  22420. 

VARIETY  TESTS  AT  THE  BELLEFOURCHE  EXPERIMENT  FARM. 

In  1908  breeding  work  was  begun  at  the  Bellefourche  Experiment 
Farm  with  five  varieties  of  foxtail  millet  (Chdetochloa  iialica).  In 
cooperation  with  the  Office  of  Forage-Crop  Investigations  a  prelimi- 
nary test  was  made  in  1908  of  these  varieties  in  jV^cre  plats  and  in 
1909  in  yV-a^ie  plats.     The  results  were  as  follows: 
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Table  V. —  Yield  per  acre  of  five  varieties  of  foxtail  millet  at  BelUfourcke^  8.  Dak,,  in 

1908  arid  1909. 


Variety. 


FiBts  of  0D6-tweiitteth  acre,  1906: 

8.  r.I.  Ko.2M»,Kiiisk 

8.  P.  I.  No.  22423,  CommoD 

8.  P.  I.  No.  22340,  GermaD 

8.  P.  I.  No.  22424,  Siberian 

8.  P.  I.  No.  22426,  Hungarian 

Flats  of  one-tenth  acre^  Wk 

8.  P.  I.  No.  25220,  Kursk. 

8.  P.  I.  No.  24841,  Common 

8.  P.  I.  No.  24842,  German 

8.  P.  I.  No.  24843,  Siberian 

ATera^e  yield  for  the  two  years  of  the  three  best  millet  varieties: 

GomnKKi 

Siberian 

KnnlE. 


Yield  of 

hay  from 

plat. 


Pounds. 
144 
150 
116 
150 
130 

154 

206 

68 

104 


Estimated 

yield  of  hay 

per  acre. 


Pounds. 
2,880 
3,000 
2,320 
3,000 
2,260 

1,540 

2,060 

680 

1,940 

2,530 
2,470 
2,210 


About  thirty  other  species  and  varieties  were  tested  in  single  rows 
in  1908,  but  none  of  these  proved  to  be  of  any  special  value  for  this 
legion  except  S.  P.  I.  No.  20694.  Seed  of  this  number  was  obtained 
by  Professor  Hansen,  at  Khokand,  Russian  Turkestan,  in  1906,  when 
acting  as  agricultural  explorer  for  the  Department  of  Agriculture. 
A  quantity  of  the  seed  was  planted  in  a  selection  row  at  Bellefourche 
in  1908.  Two  plants  in  this  row  matured  seed  and  were  saved. 
Since  the  plants  were  identical,  so  far  as  could  be  seen,  the  seed  from 
the  two  was  mixed  and  planted  in  a  progeny  row  in  1909.  The 
selection  is  of  good  forage  type,  but  the  panicle  is  open  and  the  seed 
shatters  readily. 

MILLET  BREEDING  AT  THE  BELLEFOURCHE  EXPERIMENT  FARM. 


BREEDING   METHODS. 


The  methods  used  in  the  millet-breeding  nursery  were  much  the 
same  as  in  the  alfalfa  nursery.  In  1908  the  seed  of  each  of  the 
varieties,  Kursk,  Common,  German,  Hungarian,  and  Siberian,  was 
planted  in  hills  8  inches  apart,  in  rows  42  inches  apart  (PI.  Ill,  iig.  1). 
The  seedlings  were  thinned  to  single  plants  in  a  hill.  Selections  of 
the  superior  individual  plants  were  made  and  the  seed  planted  in 
smgle  rows  8  rods  long,  in  1909  (PI.  Ill,  fig.  2). 


RESULTS   OF  THE    WORK. 


The  table  following  gives  the  record  of  yields  and  other  data 
concerning  the  individual  plant  selections  made  in  1908  the  progeny 
of  which  gave  the  largest  yield  in  1909 : 
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Table  VI. —  Yield  of  millet  selections  of  1908  and  of  their  progenies  grown  at  Belle- 

fourche,  S.  Dak.,  in  1909. 


Number 

Individual  selections  of  1908. 

Progeny  grown  in  1909.a 

ofselec- 

tionain 

Variety  and  selection. 

1908 

and  of 

progeny 

rows 
in  1909. 

Total  dry 

weight 

of  plant. 

Weight 
of  seed. 

Propor- 
tion of 
seed  to 
100  parts 

of  SUBW. 

Total 

dry 

weight 

of  plants. 

Wel^t 
of  seed. 

Propor- 
tion of 
seed  to 
100  parti 
ofsiimw. 

Kursk,  No.  22430:  & 

Oravu. 

Grams. 

Per  cent. 

Pounds. 

Pounds. 

PercewL 

1 

100 

29 

40 

28 

St 

a 

2 

125 

43 

52 

29i 

48 

4 

'             85 

16 

23 

29 

9 

45 

6 

130 

27 

26 

30 

H 

41 

8 

120 

19 

19 

28 

8 

43 

10 

130 

29 

29 

27 

8                48 

11 

150 

22 

17 

27 

8                42 

Common,  No.  22423  :<> 

1 

. 

1... 

112 

42 

60 

21 

7{l              61 

4 

95 

33 

53 

18i 

7 

100 

38 

61 

19 

8  1           n 

8 

66 

28 

76 

22i 

H\ 

61 

Siberian,  No.  23424: » 

1 

1 

120 
95 

140 
95 

25 

8 
16 
13 

1 

13 
16 

7 

45 

5 

41 

9 

» 

10 

31 

Hungarian,  No.  22426:6 

1 

170 
170 
127 

IS 
13 
19 

10 

8 
17 

28 
36^ 

3 

11 

3 

19 

7 

S 

8 

120 

12 

11 

2? 

** 

» 

8.  P.  I.,  No.  20604: 

1... 

55 
90 

5 

7 

10 

8 

26 

H 

27 

2 

1 

AVERAGE  YIELDS  OF  ALL  THE  SELECTIONS  AND  PROGENIES,  e 


Kursk,  No.  22420 

Common,  No.  22423. . 
Siberian,  No.  22424. . . 
Hungarian.  No.  2242G. 


15 

108 

23 

8 

86 

31 

10 

122 

10 

8 

130 

13 

27  ' 
56  I 
15  I 
11 


27 
18 
21 
25 


36 


a  The  yields  of  the  different  progenies  are  strictly  comparable  l)eeause  the  rows  were  of  uniform  laogth 
and  the  stands  were  all  perfect. 

t>  Only  those  selections  from  each  variety  are  here  included  of  whlcfa  the  progenies  in  1900  gaveyWdsof 
seed  and  of  total  dry  matter  above  the  average  for  the  progeniesof  all  the  selections  made  in  1908  of  mat  ps^ 
ticular  variety. 

e  Including  selections  the  progenies  of  which  yielded  low  in  1909  and  were  hence  excluded  from  lbs 
preceding  showing. 

Some  interesting  results  are  shown  in  the  millet-breeding  work  as 
recorded  in  the  above  table.  It  will  be  noted  in  the  record  of  averages 
that  the  Kursk  is  the  highest  yielding  variety  in  the  progeny  rows 
grown  in  1909,  both  in  total  weight  of  plant  and  weight  of  seed. 
Kursk  is  considerably  ahead  of  any  other  variety  in  yield  of  seed 
though  the  Common  variety  exceeds  it  in  proportion  of  seed  to  straw. 

It  will  also  be  noted  that  the  yields  of  seed  and  straw  of  the  prog^ 
nies,  in  general,  correspond  rather  closely  with  those  of  the  respective 
mother  plants.  This  is  especially  marked  in  the  Kursk  and  Common 
varieties.  For  example,  in  the  Kursk  variety,  seven  selections  are  sepa- 
rately listed  in  whicli  tlie  piogeny  of  each  yielded  above  the  average  of 
all  rows.     As  shown  in  Table  VI,  the  selected  mother  plants  all  yielded 
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above  the  average  in  total  weight  of  plant,  except  No.  1  and  No.  4. 
Selections  6,  7,  9,  12,  14,  and  15  (not  separately  shown  in  the  table) 
yielded  below  the  average  of  both  mother  plants  and  progeny. 

DATB8  or  RIPENINO. 

The  average  dates  of  ripening  and  the  average  number  of  days  from 
date  of  planting  to  maturity  for  the  selected  varieties  for  the  two 
years  were  about  as  follows: 

Table  VII. — IkUe  of  ripening  and  length  of  growing  period  of  several  selected  varieties 

'of  millet  at  Bellefourehe,  8.  Dak. 


Variety. 


CoauDon 

Kunk 

Hnncvtao 

BBwrbn  and  No.  20094. 


Date  of 
ripening. 


August  24 

August  28 

September?. 
September  10. 


Maturing 
period, 
(days) 


96 
100 
110 
113 


It  will  be  seen  that  the  Common  and  Kursk  varieties  are  earlier  by 
ten  days  or  more  than  the  Hungarian  and  Siberian.  Earliness  in 
ripening  is  an  important  factor  in  all  dryland  crops,  especially  millet, 
which  i»  often  used  as  a  catch  crop  to  replace  a  previously  destroyed 
crop. 

UNIFORMmr  IN   THE   PROOENT   ROWS. 

It  was  noted  in  the  breeding  plats  that  the  progeny  rows  from  the 
different  selections  of  Kursk  resembled  one  another  much  more  closely 
than  the  progeny  rows  from  any  other  variety.  This  may  be  accounted 
for  by  the  fact  that  the  bulk  seed  from  which  these  Kursk  selections 
were  made  was  itself  the  product  of  two  selections  made  at  Highmore 
only  three  or  four  generations  back.  There  seems  also  to  be  great 
uniformity  among  the  plants  in  each  progeny  row. 

The  selected  plants  have  been  remarkably  true  to  seed  from  the 
beginning,  indicating  that  millet  is  probably  a  self-pollinated  plant. 
This  belief  is  based  on  the  general  uniformity  of  the  plants  in  the 
progeny  rows  as  observed  by  the  writer  in  all  his  breeding  work  with 
this  crop. 

MILLET   BREEDING    AT   THE    AKRON    DRY-LAND   STATION. 

Seed  of  several  selections  of  millet  made  at  the  Bellefourehe  Experi- 
ment Farm  in  1908  was  used  for  beginninj^  the  breeding  work  at  the 
Akron  Dry-I^and  Station  in  1909.  These  selections  were  the  same  as 
those  planted  at  Bellefourehe,  sufficient  seed  being  borne  by  each 
jdant  for  use  at  both  stations. 
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Table  VIII. —  Yield  of  millet  selections  of  1908  and  of  their  progenies  grown  at  Abmu 

Colo.,  in  1909. 


Individual  plant  selections 
made  at  Bellefourche  in  1908. 

Progeny  grown  at  AJotm  in  19U9. 

Variety  and  selection. 

Total  dry 

weight  of 

plant. 

Weight 
of  seed. 

Propor- 
tion of 
seed  to 
100  parts 
of  sCraw. 

Yields  1 

TotAl  dry 

weight  of 

plants. 

Pounds. 
181 
39 
334 
42 
33} 
39 
28 

Stand  in 
row. 

Total  dry 

Weight 

of  seed. 

1 

Propor- 
tion of 
seed  to 
inOiMrts 
of  soraw. 

weight 
ealcQ- 

latedto 
afaU 

stand.  A 

Kursk,  No.  22420: 
1 

Orams. 
100 
125 
ISO 
130 
130 
145 
100 

Orams. 
29 
43 
25 
27 
29 
30 
29 

Percent. 
40 
52 
20 
26 
29 
26 
42 

1  Pounds. 

iP 
14J 

17 

1?1 

12 

Percent. 
63 
86 
79 
68 
73 
80 
73 

Percent. 

80 
•   95 
100 
100 
100 
100 

90 

Pounds. 
23.3 

2 

41.0 

3 

5 

33.5 
42.0 

10 

33.7 

13 

30.5 

15 

31.0 

Average 

126  I             30 

34 

33 

H4 

75 


34.0 

Common,  No.  22423: 
1 

112 
82 
75 
95 

100 
65 

42 
40 
33 
33 
38 
28 

60 
95 
79 
53 
61 
76 

224 

13 

19 

27 

19 

24 

104 

44 

64 

134 

.1 

87 
45 
47 
96 
88 
96 

80 
75 
70 
95 
95 
95 

28.0 

2 

l&J 

3 

28.0 

4 

29.0 

7 

20.3 

8 

210 

Average 

88                 36 

71 

21 

9 

77 

24.8 

.......... 

Siberian,  No.  22424: 
1 

120 
175 

25 
25 

26 
17 

154 
37 

26 

154 

68 
72 

80 
90 

19.4 

4 

41.0 

Average 

1474 

25 

21J 

10.9 

70 

30.2 

a  This  calculation  is  doubtless  too  favorable  to  the  rows  in  which  the  stand  was  incomplete,  sfnce  the 

Elants  growing  near  the  gaps  unquestionably  yielded  more  heavily  than  would  the  average  plant  In  a  row 
I  which  the  stand  is  complete. 

The  yields  of  millets  in  the  progeny  rows  in  1909  were  considerably 
heavier  at  Akron  than  at  Bellefourche.  This  fact  is  not  only  apparent 
by  comparison  of  the  average  yields  of  all  the  progenies  of  each 
variety  at  Bellefourche  (Table  VI)  and  at  Akron  (Table  \^II),  but 
generally  holds  good  in  the  case  of  progenies  of  those  individual 
selections  of  which  the  seed  was  divided  and  planted  partly  at 
Bellefourche  and  partly  at  Akron.  The  heavier  yields  at  Akron 
were  doubtless  largely  due  to  the  more  favorable  season  at  that 
locality  in  1909.  The  rainfall  there  was  well  distributed  through- 
out the  growing  season,  wliile  at  Bellefourche  there  was  less  than 
3  inches  of  rain  during  July  and  August,  Avhich  is  the  critical 
period  in  the  growth  of  millet.  It  was  noted  that  the  yield  of  seed  in 
many  of  the  rows  at  Akron  was  remarkably  liigh.  The  average  seed 
yield  of  the  Kursk  progeny  row's  was  14^  pounds  per  row,  which  is 
equivalent  to  a  yield  of  25  bushels  per  acre.  The  largest  yield,  from 
Kursk  selection  No.  2,  of  IS  pounds  to  the  row,  is  at  the  rate  of  32 
bushels  per  acre. 

As  shown  by  the  averages  for  the  progenies  of  each  variety,  the 
Kursk  is  first  in  total  weight  of  plant  and   weight  of  seed.     The 
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superior  yield  of  Kursk  millet  when  grown  in  cultivated  rows  is  a 
marked  character  of  the  variety.  This  is  no  doubt  partly  due  to  its 
strong  stooling  habit  and  vigorous  growth,  ft  has  been  noted  by  the 
writer  that  in  seeding  miUets  broadcast  a  much  heavier  stand  is  secured 
in  the  Kursk  variety  than  in  others  when  the  same  amount  of  seed  is 
used  per  unit  area.  This  makes  it  desirable  to  seed  somewhat  less  of 
tliis  per  acre  than  of  other  varieties,  especially  under  dry-land 
conditions. 

In  1910  the  seed  of  the  best  progeny  rows  grown  in  1909  were 
planted  in  -^acre  plats  ill  comparison  with  standard  varieties. 
These  tests  will  be  continued  until  the  forage  value  of  the  different 
selections  as  compared  with  one  another  and  with  other  varieties 
under  conditions  of  severe  drought  can  be  ascertained. 

BBOME-GBASS. 

Smooth  or  Hungarian  brome-grass  (Bromus  inermis)  is  one  o/.  the 
rami  drought-resistant  grasses  grown  in  the  northern  Great  PUins. 
It  is  well  adapted  to  cultivation  on  account  of  its  abundant  seed 
production  and  vigorous  habit  of  growth,  and  it  has  come  mto 
general  favor  in  the  Central  Northwest  since  its  introduction  into  the 
United  States.**  Several  stocks  of  seed  were  tested  at  the  Highmore 
substation  previous  to  and  during  the  time  cooperation  was  carried 
on  between  the  Bureau  of  Plant  Industry  and  the  South  Dakota 
Agricultural  Experiment  Station.  One  of  these  stocks,  listed  as 
South  Dakota  No.  26,  appeared  to  be  decidedly  superior  to  the  others 
in  forage  production.  This  strain  is  rather  distinct  in  type  of  plant 
and  has  light-colored  outer  glumes  or  scales  around  the  seeds  which 
give  the  mature  panicle  an  exceptionally  light-colored  appearance. 
The  plants  are  strong  and  vigorous  and  remain  productive  for  several 
years;  that  is,  the  strain  does  not  **run  out"  quickly.  Bulk  seed  of 
this  strain  was  planted  broadcast  and  in  double-cultivated  rows  at 
the  Belief ourche  Experiment  Farm  in  1909.  A  breeding  nursery 
occupying  two  •j'^acre  plats  was  also  planted.  The  seed  was  planted 
in  lulls  42  inches  apart  each  way  and  the  hills  were  thinned  to  indi- 
vidual plants  in  early  summer.  An  excellent  stand  was  secured  in 
all  the  plats.  There  is  great  diversity  in  the  manner  of  growth  of  the 
individual  plants  in  the  breeding  nursery.  Many  of  them  are  erect 
and  close  growing,  while  othera  are  inclined  to  spread  greatly  by  root- 
stocks.  There  is  also  great  divereity  as  to  amount  of  leafincss  and 
amount  of  stooling.  Altogether  there  is  great  opportunity  for 
selection  of  superior  types.  In  addition  to  the  work  in  the  breeding 
nursery  tests  are  being  made  of  several  individual  selections  of 
Bromus  inermis  furnished  by  the  Office  of  Forage-Crop  Investigar 
tions.     These  are  planted  in  ])rogeny  rows. 

^  For  a  chemical  analysis  of  brome-grass,  see  Table  IX. 
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WX8TBBK  WHEAT-OBASS. 

Western  wheat-grass,  botanically  known  as  Agropyron  smiihii  Cl^ 
ocddentale) ,  is  native  over  a  large  part  of  the  northern  Great  Plains 
is  valued  highly  as  a  pasture  and  hay  grass.  It  is  especially  comm< 
on  the  ''gumbo "  soils  in  western  South  Dakota.  Along  the  river  an< 
creek  bottoms,  where  subject  to  annual  overflow,  it  forms  a  deDflO| 
vigorous  growth  and  is  the  most  valuable  native  hay  grass  of  tU 
region.  In  such  places  it  forms  a  pure  grovrth  unmixed  with  other 
grasses.  On  the  dry  ranges  it  forms  a  considerable  part  of  the  nati^ 
forage  and  is  remarkably  drought  resistant.  The  growth  on  the 
ranges,  however,  is  scattered  and  thin.  In  depressed  areas  where 
drainage  is  poor  or  which  receive  the  drainage  from  higher  areas 
the  wheat-grass  occurs  to  the  exclusion  of  other  native  grasses. 
This  is  doubtless  due  partly  to  its  great  alkali  resistance  and  partly  to 
its  abiUty  to  endure  rather  long  periods  of  flooding.  The  alkali  caof^ 
tent  of  the  soil  in  these  areas  ranges  as  high  as  0.4  to  0.6  of  1  per  cent 

Wheat-grass  hay  is  locally  in  great  demand  in  South  Dakota.  0 
is  especially  valuable  for  feeding  to  livery  and  other  horses  doing  haid 
work.  For  this  purpose  it  sells  for  $4  to  $5  more  per  ton  than  alfalfa 
and  mixed  hay  at  Belief  ourche.  Dead  wood,  and  other  places  in  the 
Black  Hills. 

Chemical  analyses  indicate  that  it  is  especially  rich  in  crude  protein 
and  ether  extracts.  The  following  analyses  of  some  common  native 
and  cultivated  forage  plants  of  South  Dakota  are  here  given  for  pur- 
poses of  comparison: 

Table  IX. — Chemical  analyses  of  some  common  native  and  euUivaUd  forage  pUmU  o/ 

South  Dakota. 


Name  of  forage  plant. 


Weslern     wheat-gra-ss    (AgropffTon 
ocddentale). 

Slender     wheat-grass     {Agropyron 
tenerum). 

Smooth  brome-gniss  (BromtM  iner- 
mh). 

BnfTalo-grasR  {Bulhilis  dactyloides) . . . 

Bhie  grama  (Bouteloun  oUgontachya) . . 
Timothy  {Phlcum  pmtcMc) 


Shepardo 

Knight     and 

Kepner.6 
Shepardo 

do.  a 

Knight     and 

Kepner.6 

Shpjpard  a 

Knight     and 

Kepner.6 
Shppardo.... 
do.a 


I 


Percent. 

8.52 
5.03 

5.74 

8.06 
6.21 

11.19 
11.60 


8. 
7. 


60 
30 


Ether 
extract. 

Crude 
fiber. 

Cnide 
proteixL 

PeretnL 

Percent. 

PeretnL 

2.01 
3.07 

34.90 
36.70 

9.80 
9.2S 

2.n 

32.44 

aoo 

2.06 
2.71 

41.27 
29.50 

ia79 

9.47 

2.46 
2.42 

28.74 
26.81 

5.60 
&34 

2.18 
3.68 

31.40 
34.30 

9.11 

&84 

Nitio- 
gcn4« 
estnct 


37.80 
SlU 

S2.(B 

sua 

48.61 

45.9 


a  Shepard,  J.  H.    Bnlletin  40,  South  Dakota  Agricultural  Experiment  Station,  1894. 

t>  Knight,  H.  O.,  and  Kepner,  F.  £.    Bulletin  76,  Wyoming  Agricultural  Experiment  Station,  1908. 

It  will  be  noted  that  in  the  percentage  of  fats  (ether  extracts) 
western  w^heat-grass  is  very  high,  being  excelled  only  by  timothy. 
It  is  also  high  in  amount  of  crude  protein,  but  is  excelled  in  this  by 
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Bromus  inermis.  It  is  therefore  very  rich  in  two  of  tlie  most  impor- 
tant food  constituents,  and  this  accounts  for  its  great  feeding  value 
as  demonstrated  by  the  practical  feeder.  One  other  character 
which  may  be  mentioned  is  the  comparatively  concentrated  form  of 
the  cured  hay;  that  is,  the  Weight  per  unit  volume  is  great  as  com- 
pared with  most  hay  grasses. 

Breeding  work  was  begun  with  western  wheat-grass  at  the  High- 
more  substation  by  Prof.  W.  A.  Wheeler  in  1906.  These  breeding 
plats  were  visited  several  times  by  the  writer,  the  last  visit  having 
been  made  in  August,  1908.  At  this  time  there  appeared  to  be 
considerable  uniformity  in  many  of  the  progeny  rows  from  the  first 
selections.  South  Dakota  No.  34-89  was  uniformly  more  spreading 
than  the  rows  at  each  side  of  it;  No.  34-105  was  also  noticeably 
spreading  in  habit  of  growth,  while  No.  34-81  was  close  growing,  show- 
ing a  slight  approach  to  bunch-grass  habit. 

Breeding  work  was  begun  at  the  Bellefourche  Experiment  Farm 
in  1908  with  bulk  seed  harvested  from  natural  meadows  near  the 
farm.  It  is  desired  to  secure  a  drought-resistant  and  productive 
strain,  suitable  for  establishing  permanent  grass  meadows  on  unirri- 
gated  land.  It  is  very  important  to  improve  the  seed  production 
and  percentage  germination  of  the  seed  and  the  early  growth  habits 
of  the  plant.  The  germination  of  the  seed  is  poor  and  slow  and  the 
early  growth  is  not  vigorous.  It  is  therefore  difficult  to  obtain  a 
good  stand  of  the  grass.  Both  spring  and  autumn  seeding  are  being 
tested  to  determine  which  method  will  produce  the  better  stand. 
The  results  so  far  are  not  conclusive. 

A  breeding  nursery  has  been  established  with  single  plants  in  hills 
42  inches  apart  each  way.  These  were  grown  from  seed  planted  in 
the  field  in  1909. 

SLENDER  WHEAT-GRASS. 

Slender  wheat-grass,  botanically  known  as  Agropyron  tenerum, 
appeared  to  be  valuable  as  a  cultivated  hay  grass  in  variety  tests 
by  the  South  Dakota  substation  at  Highmore,  and  by  the  Office  of 
Forage-Crop  Investigations  at  Bellefourche.  The  seed  germinates 
freely  and  the  first  season's  growth  is  good,  so  that  there  is  not  the 
difficulty  in  securing  a  stand  that  is  experienced  with  western  wheat- 
grass;  but  this  species  is  apparently  not  so  drouglit  resistant  as  brome- 
grass  and  western  wheat-grass. 

Seed  collected  from  plants  growing  native  in  western  South  Dakota 
was  planted  in  the  grass  nursery  at  Bellefourche  in  1908  (PI.  IV, 
fig.  2).  In  1909  individual  plants  were  selected  from  this  nursery 
and  these  wiU  form  the  basis  of  the  breeding  work  with  this  grass. 
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Considerable  variation  among  the  individual  plants  was  noted  in 
height,  amount  of  stooling,  and  leafiness.  The  most  desirable  types 
were  those  which  have  the  leaves  extending  well  up  along  the  culms, 
thus  producing  a  very  leafy  plant.  There  was  much  variation  in 
this  regard.  In  1910  the  seed  of  these  selections  was  planted  in 
rows  so  that  a  close  comparison  could  be  made  of  their  progeny.  A 
few  individual  plant  selections  of  slender  wheat-grass  were  furnished 
by  the  Office  of  Forage-Crop  Investigations,  and  these  were  planted  in 
progen}^  rows  in  1909. 

AOBOPYBON  CBISTATTTli. 

The  grass  botanically  known  as  Agropyron  eristatumy  recently 
introduced  from  Siberia  by  the  United  States  Department  of  Agri- 
culture, gives  evidence  of  being  a  very  hardy  grass.  In  cooperation 
with  the  Office  of  Forage-Crop  Investigations,  seed  of  six  different 
lots,  S.  P.  I.  Nos.  19536  to  19541,  inclusive,  was  planted  in  the  grass 
nursery  at  Belief ourche  in  1908  (PI.  IV,  fig.  1),  and  larger  areas 
were  planted  again  in  1909.  It  was  observed  that  tliis  species  starts 
growth  very  early  in  the  spring,  and  is  not  injured  by  severe  frosts. 
In  habit  of  growth  it  is  like  slender  wheat-grass,  being  a  "bunch- 
grass'*  without  creeping  rootstocks,  but  in  the  character  of  its  rather 
harsh  foliage  it  somewhat  resembles  western  wheat-grass.  Further 
tests  will  be  made  of  seed  from  several  sources,  and  if  the  species 
proves  to  be  valuable  as  a  hay  grass,  selections  of  superior  strains  will 
be  made. 

CANADA  PEAS. 

The  Office  of  Forage-Crop  Investigations  tested  a  large  number 
of  varieties  of  Canada  peas,  grass  peas  {LaOiyrus  sativus),  and  several 
varieties  of  vetches  at  the  Bellefourche  Experiment  Farm  in  1908 
and  1909.  The  yields  of  most  of  these  have  not  been  satisfactory 
in  the  two  years  during  which  tests  have  been  made.  The  low  yields 
have  probably  been  due  to  the  newness  of  the  soil  at  the  farm,  as  the 
plats  were  on  land  broken  only  one  year  previous  to  cropping.  Two 
or  three  varieties  of  Canada  peas,  however,  are  very  promising,  and 
breeding  work  has  been  begun  with  these. 

In  dry-land  farming  the  need  of  an  annual  leguminous  crop  for 
use  as  green  manure  in  short  rotations  is  apparent,  and  Canada  peas 
promise  to  be  the  most  valuable  crop  for  this  purpose  in  the  northern 
Great  Plains  region.  The  breeding  work  will  be  directed  to  obtaining 
a  more  drought-resistant  variety  than  is  now  grown  in  the  region, 
combining  also  fair  seed  production  with  a  good  forage  type  of  plant. 
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ST7HMABT. 

The  chief  limiting  factor  in  the  production  of  crops  in  the  Great 
Plains  area  is  lack  of  suf&cient  moisture.  Two  ways  of  increasing 
crop  production  in  that  region  are:  First,  the  use  of  tillage  methods 
which  will  conserve  the  moisture  in  the  soil  as  far  as  possible  for  the 
use  of  crops;  and  second,  growing  drought-resistant  varieties. 

The  object  of  the  plant-breeding  work  described  in  this  bulletin 
is  to  develop  strains  of  some  of  the  common  forage  crops  that  are 
more  drought  resistant  and  productive  than  strains  now  grown  in  the 
r^on. 

Drought-resistant  forage-breeding  work  is  now  carried  on  at  two 
farms  conducted  by  the  Department  of  Agriculture  in  the  Great 
Plains  area,  at  Belief ourche,  S.  Dak.,  and  at  Akron,  Colo.  These 
farms  are  fairly  representative  of  a  large  part  of  the  northern  and 
antral  Great  Plains. 

In  breeding  alfalfa  for  this  region,  while  drought  resistance  is  the 
principal  object  in  view,  such  characters  as  resistance  to  winter- 
killing, superior  forage  yield,  and  good  seed  production  can  not  be 
neglected. 

The  results  of  the  breeding  work  with  alfalfa  indicate  that  superior 
forage  production  and  superior  seed  production  are  not  antagonistic, 
but  may  be  combined  in  one  plant  or  strain. 

Maximum  seed  production  in  alfalfa  can  be  obtained  by  growing 
plants  in  hills,  allowing  thorough  cultivation  of  the  soil.  This 
method  can  be  recommended  only  where  seed  is  the  chief  object  of 
the  crop. 

Breeding  sorgo  at  Bellefourche  has  been  undertaken  for  the  pur- 
pose of  developing  a  drought-resistant  and  early-maturing  strain  of 
good  forage  quality.  The  existence  of  such  a  strain  would  extend 
the  use  of  the  crop  considerably  north  of  its  present  area. 

Most  millet  varieties  now  on  the  market  are  mixtures  of  more  or 
less  distinct  types.  In  the  breeding  work  conducted  by  this  office, 
several  promising  types  have  been  segregated  and  have  shown  a 
high  degree  of  uniformity.  They  will  be  tested  further  for  drought 
resistance,  early  maturity,  and  forage  yield. 

Numerous  species  of  grasses  have  been  tested  for  drought  resistance 
in  the  course  of  the  breeding  work  at  Highmore,  and  by  the  Office 
of  Forage-Crop  Investigations  at  Bellefourche  and  other  stations  in 
the  Great  Plains  area.  Breeding  work  is  in  progress  with  species 
that  have  proved  drought  resistant  and  otlierwise  valuable,  includ- 
ing smooth  brome-grass,  western  wheat-grass,  and  slender  wheat- 
grass. 
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CONCLUSION. 

It  is  intended  to  test  thoroughly  the  improved  strains  which  have 
been  developed  in  the  course  of  this  work  in  order  to  determine  their 
relative  drought  resistance  in  comparison  with  varieties  now  grown 
in  the  region.  The  most  promising  strains  of  alfalfa  will  also  be  thor- 
oughly tested  in  respect  to  their  hardiness.  As  soon  as  definite  results 
from  these  tests  of  drought  resistance  and  hardiness  are  obtained, 
seed  of  such  strains  as  may  prove  resistant  will  be  increased  and 
distributed. 

196 


PLATES. 


1S>6 


35 


DBSCBIPTION  OF  PLATES. 

Plate  I.  Alfalfa  breeding  at  the  Bellefourche  Experiment  Farm,  South  Dakota. 
Fig.  1. — Alfalfa  plants  in  the  breeding  nursery,  ehowing  the  first  season's  growth. 
The  photograph  was  taken  July  29, 1909,  three  months  after  planting.  The  rows 
are  from  individual  plant  selections  of  the  second  generation,  South  Dakota  No. 
167.  Fig.  2. — Selected  strains  of  alfalfa  in  double-cultivated  rows  (rows  7  inches 
apart  alternating  with  cultivated  space  32  inches  wide). 

Plate  11.  Sorgo  at  the  Highmore  substation  and  the  Bellefourche  Experiment 
Farm,  South  Dakota.  Fig.  1.— Sorgo,  South  Dakota  No.  341,  at  the  Highmore 
substation,  South  Dakota.  The  selected  strain  at  the  left  is  ten  days  earlier  than 
the  bulk  seed  of  the  same  variety  at  the  right.  Fig.  2. — Sorgo  progeny  row  No. 
10,  showing  uniform  type  of  plants.  Grown  at  the  Bellefourche  Experiment 
Farm,  South  Dakota,  in  1909,  from  seed  of  a  single  plant  selected  in  1908. 

Plate  III.  Kursk  millet  at  the  Bellefourche  Experiment  Farm,  South  Dakota. 
Fig.  1. — Selection  rows  of  Kursk  millet  at  the  Bellefourche  Experiment  Farm, 
South  Dakota.  The  individual  plants  are  grown  in  hills  8  inches  apart. 
Fig.  2. — Prc^eny  rows  of  Kursk  millet  grown  at  the  Bellefourche  Experiment 
Farm,  South  Dakota,  in  1909.  These  are  the  progenies  of  plants  selected  in  the 
rows  shown  in  figure  1. 

Plate  IV.  Agropyron  in  the  grass  nursery  at  the  Bellefourche  Experiment  Farm, 
South  Dakota.  Fig.  1. — Rows  of  Agropyron  cristaium  in  the  grass  nursery  at  the 
Bellefourche  Experiment  Farm,  South  Dakota.  In  1909  this  grass  was  ten  days 
earlier  in  starting  spring  growth  than  any  other  species  in  the  nursery.  Fig.  2.— 
Rows  of  Agropyron  tenerum  in  the  grass  nursery  at  the  Bellefourche  Experiment 
Farm,  South  Dakota.  This  is  a  valuable  type  of  hay  grass  and  breeding  work 
is  being  carried  on  in  the  hope  of  segregating  a  more  drought-resistant  strain. 
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FiQ.  2.— Selected  strains  of  Alfalfa  in  Double-Cultivated  Rows. 
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LETTER  OF  TRANSMITTAL 


U.  S:  Department  of  Agriculture, 

Bureau  op  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  C,  August  S,  1910. 

Sir:  I  have  the  honor  to  transmit  herewith  and  to  recommend  for    • 
publication  as  Bulletin  No.   197  of  the  series  of  this  Bureau  the 
accompanying  manuscript  entitled  "The  Soy  Bean;  History,  Varie- 
ties, and  Field  Studies." 

This  paper  was  prepared  by  Mr.  C.  V.  Piper,  Agrostologist,  and 
Mr.  W.  J.  Morse,  Scientific  Assistant,  of  the  OflBce  of  Forage-Crop 
InTestigations. 

The  soy  bean  is  a  striking  example  of  a  crop  with  very  numerous 

varieties,   the  wealth  of  which  has  been  largely  disclosed  by  the 

studies  here  presented.    This  crop  is  already  of  considerable  value 

in  the  United  States,  and  there  can  be  but  little  doubt  that  it  is  des- 

tmed  to  become  of  much  greater  importance,  not  only  for  forage,  but  j 

m  all  probability  for  the  production  of  oil  and  oil  cake.     The  results  ' 

here  presented  bring  together  much  information  that  will  be  of  ' 

interest  to  students  and  experimenters,  and  which,  it  is  believed, 

vfll  be  of  material  assistance  to  all  agronomic  investigators.  ! 

Respectfully, 

G.  H.  Powell,  i 

Acting  Chief  of  Bureau.  \ 

Hon.  James  Wilson,  ] 

Secretary  of  Agriculture.  i 
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THE  SOY  BEAN;  HISTORY,  VARIETIES,  AND 

FIELD  STUDIES. 


BOTANICAL  HISTORY  AND  IDBNTITY  OF  THB  SOY  BEAN. 

The  soy  bean  was  first  made  known  to  Europeans  by  Kampfer, 
who  spent  three  years,  1690  to  1692,  in  Japan.  Kampfer  (Amoeni- 
tatum  Exoticarum,  1712,  p.  837)  gives  the  Japanese  name  ^'Daidsu 
Mame"  and  describes  it  as  an  erect  bean,  with  the  pod  of  a  lupine 
and  the  seeds  like  a  large  white  pea.  Linnaeus  (Flora  Zeylanica,  1747, 
p.  534)  describes  the  plant  briefly  under  ^'Dolichos"  and  states  that 
it  is  cultivated  in  Ceylon.  This  last  statement  is  probably  an  error. 
He  also  cites  the  descriptions  of  Kampfer.  In  1753  Linnaeus  repeats 
the  description  of  the  Flora  Zeylanica  and  formally  names  the  plant 
Ddichos  soja,  giving  its  habitat,  however,  as  India.  What  Linnaeus's 
Ceylon  or  India  plant  may  be  is  not  certain,  as  will  appear. 

Moench  in  1794  rechristened  the  Linncean  plant  Soja  Jiispida. 
Savi  in  1824  called  the  Japanese  soy  bean  Soja  japonica.  Miquel  in 
1855  named  a  narrow-leafed  form  from  Java  Soja  angustifoliay  and 
Maximowicz  in  1873,  using  Moench's  specific  name,  published  the 
soy  bean  as  Glycine  hispida,  which  name  has  been  generally  adopted. 
Siebold  and  Zuccarini  had  previously  (1843)  named  a  plant  from 
Japan  Glycine  8oja,  supposing  it  to  be  the  Dolichos  soja  of  Linnaeus. 
This  plant,  however,  was  not  the  soy  bean  cultivated  by  the  Japanese 
but  the  wild  plant  later  described  as  Glycine  ussuriensis  by  Regel 
and  Maack.  Under  existing  botanical  rules,  the  soy  bean,  which  is 
known  only  as  cultivated,  has  been  called  Glycine  Tiispida  (Moench) 
Maximowicz,  and  its  nearest  relative  Glycine  soja  Siebold  and  Zuc- 
carini (G.  ussuriensis  Regel  and  Maack).  Maximowicz  considered 
that  the  soy  bean  was  probably  derived  from  the  latter  by  cultiva- 
tion, but  this  idea  has  not  generally  been  accepted. 

Glycine  soja  (Pis.  I  and  II),  as  heretofore  Imown,  differs  from  G. 
Mspida  in  its  more  slender  and  more  vining  stems,  in  being  less  hairy, 
in  bearing  smaller  pods  and  seeds,  and  especially  in  having  smaller 
flowers.  The  flower  is  3  to  5  mm.  long,  while  that  of  G,  hispida  is 
6  to  7  mm.  The  structure  of  the  flower  is  the  same  in  both,  but  the 
calyx  lobes  are  usually  longer  in  proportion  to  the  tube  in  G,  hispida 
than  in  G,  soja.  It  is  apparent,  therefore,  that  the  fundamental 
differences  between  the  species  are  sUght.     The  smaller  flower  we 
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regard  as  the  best  single  character  to  separate  G.  soja  from  G.  hispida, 
but  using  this  as  a  criterion  G,  soja  is  also  a  cultivated  species. 

Among  numerous  lots  of  seeds  received  from  India  (S.  P.  I.  Nos. 
24672  to  24693,  inclusive)  representing  seven  varieties,  there  are  at 
least  two  (see  Nos.  24675  and  24682)  which  have  very  small  flowers, 
3  mm.  long,  indistinguishable  from  those  of  the  wild  G.  soja  that  we 
have  grown.  Typical  plants  of  Glycine  soja  obtained  from  the 
Botanic  Garden,  Tokyo,  Japan  (S.  P.  I.  No.  22428),  and  from 
Soochow,  Kiangsu,  China  (S.  P.  I.  No.  25138),  have  been  grown 
three  seasons.  The  India  plants  are  coarser  stemmed,  less  vining, 
and  bear  somewhat  larger  pods  and  seeds,  but  the  flowers  are  much 
smaller  than  those  of  any  variety  of  G.  hispida  and  precisely  like 
those  of  G,  soja.  Other  numbers  from  India  are  probably  G.  hispida, 
but  the  flowers  are  somewhat  smaller  than  the  Japanese  varieties 
and  the  pods  and  seeds  as  small  as  any  variety  of  6r.  hispida.  It  is 
therefore  apparent  that  both  6r.  soja  and  G,  hispida  are  cultivated 
in  parts  of  India,  if  we  accept  the  flower  character  as  decisive.  This 
fact  makes  it  doubtful  which  of  the  two  plants  Linnaeus  named 
Dolichos  soja.  There  seems  no  good  reason  why  G,  hispida  may  not 
have  been  derived  from  G.  soja  by  cultivation,  the  smaller  flowers 
of  the  latter  being  the  principal  difficulty  to  explain.  In  all  other 
respects  the  two  supposed  species  seem  to  merge  completely.  The 
identity  of  the  plant  cultivated  in  India  has  been  commented  on  by 
Watt  (Dictionary  of  the  Economic  Products  of  India,  1890,  p.  509) 
as  follows: 

Reference  having  been  made  to  the  authorities  of  the  Calcutta  Herbarium  on  the 
subject  of  G.  soja,  Sieb.  et  Zucc,  being,  as  shown  in  the  Flora  of  British  India,  a 
native  of  this  country,  Dr.  Prain  kindly  went  into  the  subject  very  carefully.  He 
writes:  "We  have  not,  from  any  part  of  India,  any  specimens  of  G.  soja  proper.  The 
Khasi  Hills  plant  is  more  erect,  more  hispid,  and  has  larger  legumes  than  the  Him- 
alayan, and  indeed  resembles  G.  hispida,  Maxim.,  quite  as  much  as  it  does  the  Indian 
cultivated  *G.  soja,^  which,  indeed,  it  connects  with  G.  hispida.  It  is,  in  fact,  the 
plant  most  like  the  wild  G.  soja,  S.  et  Z.,  which  no  one  ever  professes  to  have  found 
wild  in  India,  while  it  is  also  the  one  most  like  G.  hispida,  Maxim,  (which  has  never 
been  found  wild  anywhere).  It  is  the  plant  collected  by  Dr.  Watt  and  myself  in  the 
Naga  Hills." 

The  writer  noted  on  his  Naga  Hill  specimens  that  they  were  found  in  a  semiwild 
state,  and  that  the  plant  was  known  to  the  Angami  Nagas  as  Tsu  Dza,  a  name  not 
unlike  soja.  Throughout  India,  the  soy  bean  is  cultivated,  black  and  white  seeded 
forms  being  met  with,  which  vary  to  some  extent,  but  all  preserve  the  specific  char- 
acters of  G.  hispida.  Plants'raised  at  Saharunpur  from  Japanese  seed  have  laiger  and 
broader  leaves  than  the  usual  Indian  forms.  The  ^t  that  this  cultivated  plant 
possesses,  even  among  the  aboriginal  tribes,  names  which  are  original,  i.  e.,  in  no 
way  modem  derivatives,  points  to  an  ancient  cultivation,  if,  indeed,  it  may  not  be 
accepted  as  an  indication  of  its  indigenous  nature.    (Editor.) 

Prain  apparently  does  not  apply  the  size  of  the  flower  as  a  critical 
character.     Applying  this,  however,  two  of  the  Indian  varieties  (see 
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Nos.  24675  and  24682)  are  certainly  Glycine  soja,  but  the  plants  are 
stouter  and  less  twining,  and  the  pods  and  seeds  larger  than  the 
wild  form  from  Japan.  Three  other  varieties  (Nos.  24672,  Khasi 
HiUs,  and  24673  and  24674,  Darjiling)  we  would  refer  to  G,  hispiday 
though  the  flowers  are  somewhat  smaller  than  the  Japanese  and 
Chinese  varieties.  The  first  is  erect  and  bushy,  but  the  other  two 
are  procumbent  and  vining.  A  variety  from  Taihoku,  Formosa, 
No.  24642,  is  very  similar  to  the  two  varieties  from  Darjiling.  On 
the  whole,  we  are  therefore  inclined  to  believe  that  there  is  but  one 
botanical  species,  which  has  been  profoundly  modified  by  cultivation. 

BOTANICAL  CLASSIFIOATIONS  OF  SOT-BEAK  VABIETIES. 

The  numerous  varieties  of  soy  beans  have  led  some  botanists  to 
give  them  botanical  designations,  but  these  for  the  most  part  have 
been  ignored  by  later  writers. 

Roxburgh  (catalogue,  p.  55)  described  a  variety  in  the  Calcutta 
Botanical  Garden  as  Soja  hispida  pallida,  stating  that  it  had  yellow 
flowers  and  white  seeds.  Voigt  (Hortus  Suburbanus  Calcuttensis, 
p.  231)  apparently  redescribes  the  same  plant  as  Soja  hispida  leuco- 
aperma.  There  is  perhaps  an  error  here  as  all  of  the  varieties  of  soy 
beans  grown  by  us  have  either  white  or  purple  flowers  and  none  have 
truly  white  seeds. 

Martens  (Die  Gartenbohnen,  1869)  discusses  the  soy  bean  under 
the  name  Soja  hispida  Moench  and  gives  a  classification  of  thirteen 
varieties  that  he  had  secured  from  various  sources,  of  which  he 
apparently  grew  but  one.  He  divides  the  species  into  three  sub- 
species based  on  the  form  of  the  seed,  under  which  the  varieties 
are  named  according  to  the  color  of  the  seed. 

I.  Soja  elliplica  Martens.    Seeds  oval. 

1.  S.  eUiptica  nigra.    Seeds  black;  obtained  from  Shanghai  and  Paris. 

2.  S.  ellipticacastanea.    Seeds  brown;  obtained  from  Chefoo,   Venice,  and 

Berlin. 

3.  S.  ellipttca  vire^cens.    Seeds  greenish  yellow;  obtained  from  Paris. 

4.  S,  elliphca  lutescens.    Seeds  yellow;  obtained  from  Chefoo. 
II.  Soja  sphaerica.    Seeds  globose. 

5.  S.  sphaerica  nigra.    Seeds  black,  large;  obtained  from  Japan. 

6.  S.  sphaerica  minor.    Seeds  black,  small ;  obtained  from  Japan  and  Sumatra. 

7.  S.  sphaerica   virescens.    Seeds  greenish:    obtained    from    Shanghai   and 

Yokohama. 

8.  S.  sphaerica  lutescens.    Seeds  yellow,  large;  obtained  as  **  New  Japan  peas** 

from  Norway.    This  is  identified  as  var.  pallida  of  Roxburgh. 

9.  S.  sphaerica  minima.    Seeds  yellow,  small ;  obtained  from  Yokohama. 
ni.  Soja  compressa.    Seeds  compressed. 

10.  S.  compressa  nigra.    Seeds  black,  very  large;  obtained  from  Yokohama. 

11.  5.  compressa  parvvla.    Reeds  black,  small;  obtained  from  Chefoo. 

12.  S.  compressa  virescens.    Seeds   greenish;  obtained    from    Berlin    as   Soja 

ochroleuca  Bouch^. 

13.  S.  compressa  zebrina.    Seeds  brown  banded  with  black;  obtained  from  the 

Berlin  Botanic  Garden. 
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Harz  (Zeitschrift  des  Landw.  Vereins  Bayem,  1880,  and  Land- 
wirtschafthliche  Samenkunde  Handbuch,  1885)  gives  an  even  more 
elaborate  classification  than  Martens  of  the  varieties  of  Saja  hispidaj 
dividing  the  species  into  two  subspecies  on  the  form  of  the  pod,  and 
numerous  varieties  on  the  shape  and  color  of  the  seeds,  but  it  is  not 
apparent  that  he  grew  the  plants.     Ilis  grouping  is  as  follows: 

Soja  platycarpa  Harz.  Flat-podded  soy  beans. 

1.  olivacea  Harz.    Seeds  olive-brown. 

2.  ptincieUa  Harz.    Seeds  olive,  speckled  with  brown. 

3.  melanospenna  Harz.    Seeds  black,  elongate  {Soja  compressa  nigra  Martens). 

a.  vulgaris.    Hilum  flat;  seeds  9.1X5.5X3.5  mm. 

b.  renisperma.    Hilum  concave;  seeds  10.1X5X3.8-4  mm. 

c.  nigra.    (Sojaelliptica  nigra  Martens.)    Seeds  little  compressed,  11X5. IX 

4.4  mm. 

d.  nibrocincta.    Like  the  preceding,  but  dark  red  about  the  hilum. 

4.  platysperma  Harz.     Seeds  black,  flat. 

5.  parvula  Martens.    Seeds  black,  small. 
Soja  tumida  Harz.    Swollen-podded  soy  beans. 

6.  pallida  Roxb.    Seeds  yellow  or  yellowish. 

7.  castanea  (Soja  elliptica  castanea  Martens).    Seeds  brown. 

8.  atrogpernia  Harz.     (Soja  sphaerica  nigra  and  S.  sphaerica  minor  Martens.) 

Seeds  black. 

This  classification  differs  from  that  of  Martens  primarily  in  recog- 
nizing two  main  groups  based  on  the  shape  of  the  pod  rather  than 
three  groups  based  on  the  form  of  the  seed. 

While  either  the  system  of  Martens  or  that  of  Harz  will  classify  the 
material,  they  are  of  Uttle  value  either  botanically  or  agronomically. 
To  accommodate  the  much  larger  number  of  varieties  we  have 
studied,  either  scheme  would  need  to  be  elaborated  greatly.  Further- 
more, there  are  all  possible  intergrades  between  flat  pods  and  tumid 
pods,  as  also  between  oval,  globose,  and  compressed  seeds.  Botan- 
ically speaking,  the  form  of  the  pod  and  the  color  and  form  of  the 
seeds  is  of  little  significance.  Agronomically  the  habit  and  size  of 
the  plants  are  much  more  important  characters,  and  in  many  cases 
varieties  very  different  in  these  respects  have  closely  similar  seeds. 

VABIBTAL  CHABACTEBISTICS  OF  SOY  BEANS. 

The  characters  that  distinguish  soy-bean  varieties  may  be  con- 
sidered under  the  following  categories: 

HASrr   OF   GROWTH. 

All  soy  beans  are  strictly  determinate  as  to  growth;  that  is,  the 
plants  reach  a  definite  size  according  to  environment  and  then  mature 
and  die.  The  great  majority  of  the  varieties  are  erect  and  branching, 
with  a  well-defined  main  stem.  (Pis.  II  and  III.)  The  branches  may 
all  be  short,  or  the  lower  ones  elongated,  either  spreading  or  ascending* 
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In  other  varieties  the  stems  and  branches,  especially  the  elongated 
tensinals,  are  more  or  less  twining  and  usually  weak,  so  that  the 
plant  is  only  suberect  or  even  procumbent.  (Pis.  I,  II,  and  III.) 
In  the  bushy  forms  the  intemodes  may  be  short,  in  which  case  the 
pods  are  more  or  less  densely  crowded  or  elongated,  causing  the  pods 
to  be  scattered.  Varieties  with  elongated  intemodes  are  usually 
slender  and  the  pods  small,  but  this  is  by  no  means  universal.  The 
form  of  the  plant  may  be  greatly  modified  by  thickness  of  planting, 
as  the  development  of  the  branches  is  inhibited  by  close  planting  and 
encouraged  by  isolation. 

FOUAOE. 

There  is  wide  variation  in  the  leaves  of  soy  beans,  involving  shape, 
size,  color,  and  degree  of  persistence.  These  characters  merge  by 
insensible  degrees,  so  that  they  are  useful  in  di£Ferentiating  varieties 
only  in  extreme  cases.  In  shape,  the  leaflets  are  usually  ovate- 
lanceolate,  but  in  some  varieties  are  narrowly  lanceolate  or  almost 
linear;  in  others,  nearly  orbicular.  They  vary  in  length  from  1  inch 
to  5  inches.    In  color  they  are  usually  pale,  but  some  are  dark  green. 

In  nearly  all  varieties  of  soy  beans  the  leaves  commence  to  turn 
yellow  as  the  pods  begin  to  ripen  and  commonly  all  have  fallen  when 
the  pods  are  mature.  On  this  account  it  is  difficult  to  harvest  the 
crop  for  grain  and  save  all  the  f oilage  as  well,  but  this  is  possible  with 
many  varieties.  A  few  sorts,  like  the  Wisconsin  Black,  retain  their 
leaveS'green  until  all  or  nearly  all  of  the  pods  are  mature. 

Additional  leaflets  occur  not  uncommonly  in  several  varieties. 
This  seems  to  be  especially  true  with  early  sorts  from  Siberia,  on 
which  leaves  with  four  or  five  leaflets  are  frequently  seen. 

PUBESCENCE. 

All  soy  beans  are  hairy  plants,  and  there  is  but  little  difference  in 
the  amount  of  hairiness.  No  smooth  variety  has  thus  far  been 
obtained,  the  nearest  approach  to  it  being  No.  22876,  from  Tokyo, 
Japan.  The  pubescence  occurs  in  two  colors,  white  or  gray  and  tawny, 
which  behave  in  Mendelian  fashion,  the  tawny  being  dominant.  The 
tawny  pubescence  is  nearly  always  on  tawny-colored  or  dark  pods  and 
the  white  pubescence  on  grayish  pods.  Many  cases  occur  where  two 
varieties  differ  wholly  or  mainly  in  the  color  of  the  pubescence.  In 
some  instances  these  have  been  segregated;  in  others  the  mixture 
is  evident.  In  such  cases  one  color  usually  predominates,  the  pres- 
ence of  the  other  being  due  to  casual  hybridization. 

FLOWERS. 

Soy-bean  flowers  occur  in  two  colors,  purple  and  white.  Certain 
varieties  can  be  distinguished  most  readily  by  this  character.  In  a 
number  of  the  lots  tested  both  colors  of  flowers  occur,  the  plants 
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Chernie,  Jet,  and  Meyer  extremely  sensitive.  The  comparative 
resistance  of  the  varieties  is  reported  as  follows,  the  first  being  least 
injured:  (1)  Ogemaw;  (2)  Haberlandt,  Ito  San,  Kingston,  Gruelph; 
(3)  Habaro,  Shingto,  Manhattan,  Brindle;  (4)  Jet;  (5)  Meyer, 
Chernie. 

It  may  be  that  the  same  variety  varies  in  frost  resistance,  depend- 
ing on  its  stage  of  maturity.  In  the  foregoing  list,  however,  the 
Ogemaw,  though  very  early,  usually  matures  with  the  Manhattan 
and  the  Chernie,  while  the  Haberlandt  is  fifteen  days  later. 

PERIOD  OF  HATUBITY. 

In  soy  beans  there  is  a  continuous  succession  of  varieties  from  very 
early  to  very  late.  With  very  few  exceptions,  earliness  is  correlated 
with  size,  the  largest  varieties  being  latest.  As  in  the  cowpea,  early 
plantings  take  a  longer  time  to  mature  than  late  plantings,  but  there 
is  by  no  means  a  consistent  behavior  in  the  different  varieties  in  tlus 
respect.  In  general,  the  later  the  variety  the  more  is  its  life  period 
shortened  by  later  planting. 

Haberlandt,  in  1877,  planted  one  variety  at  Vienna  at  intervals  of 
one  week  through  the  season  and  attempted  to  correlate  the  life 
periods  obtained  with  the  amount  of  heat.  His  results  are  shown  in 
Table  I. 

Table  I. — Results  of  planting  a  sinaU  variety  of  soy  bean  at  different  dales,  Viawn, 

Austria^  1877. 


Date  of  planting. 


March  31 
April?.. 
April  14. 
April  21. 
April  28. 
Mays... 
May  12.. 
May  19.. 
May  26.. 
June  2... 
June  9... 


Date  of  harvest. 


September  29. 

do 

do 

do 

do 

October  16... 

do 

October  18... 

do 

do 

October  26... 


Total  heat  required— 

Life 

period. 

Until 

UntU 

Until 

germinik 
tion. 

bloQsoni- 
ing. 

Dapt. 
182 

•  C. 

•  C. 

•c. 

230 

1.185 

2.9n 

176 

294 

1.1Q2 

2.80 

167 

189 

1,008 

2.787 

160 

217 

1,026 

2.78 

153 

228 

905 

xn 

163 

209 

836 

2.821 

166 

221 

960 

2.73 

162 

276 

1,043 

2,60 

146 

163 

985 

2,sa 

138 

162 

871 

2.ID6 

139 

130 

738 

2.331 

107 


PERIOD  OF   MATURITY. 


17 


Prof.  C.  A.  Mooers,  of  the  Tennessee  Agricultural  Experiment 
Station,  has  conducted  extensive  experiments  of  a  similar  kind.  The 
following  table  gives  some  of  his  results:  ^ 

Table  II. — lAft  period  of  goy-bean  varieties  planted  at  intervals  of  ttoo  weeks  for  two  oon- 
secutive  years  at  the  Tennessee  Agricultural  Experiment  Station. 


Variety. 


Mammoth. 


Mtdfami  Yellow. 


1907. 


Date  planted. 


April  3.. 
April  15. 
April  30. 
May  15.. 
June  5... 
June  17.. 
June  29. 
July  15.. 
Aprils.. 
April  15. 
April  30. 
May  15.. 
June  5... 
June  17.. 
June  29.. 


Date  harvested. 


October  5 

do 

October  6 

October  9 

October  12 

October  22 

do 

October  28 

September  13 . 

do 

do 

September  18 . 
September  20 . 
September  27 . 
do 


Life 
period. 


ItoSaa. 


July  15 October  9 

August  6 October  29 

April  3 August  9 

April  15 1 do 

April  30 ' do 

May  15 1  August  17 

June 5 '  Septembers.. 

June  17 1  September  18  . 

June  29 > do 

July  15 October  9. 

Augusts October 29 


Dav9. 

186 

173 

160 

146 

129 

127 

113 

105 

164 

151 

137 

135 

107 

102 

90 

86 

84 

129 

117 

102 

93 

90 

93 

81 

85 

84 


1906. 


Date  planted. 


April  2. . 
April  14. 
May  1. . . 
May  15... 
June  1.... 
June  17.. 
July  1.... 
July  16... 
April  2. . . 
April  14.. 
Mayl.... 
May  15... 
June  1.... 
June  17... 
Julyl.... 
July  16. . . 
August  1. 
April  2... 
April  14.. 
Mayl... 
May  15. . . 
June  1.... 
June  17... 
Julyl.... 
July  16... 
August  1 . 


Date  harvested. 


October  7 

do 

do 

do 

do 

October  21 . . . 

do 

October  24 ... , 

August  15 

September  7... 
September  14 . 

do 

September  19 . 
September  23 . 
September  28 . 
October  17.... 

October  24 

July  25 

July  29 

August  5 

August  15 

August  27 

September  10 . 
September  19 . 

October  6 

October  24 


Life 
period. 


Dav9. 

188 

179 

159 

145 

128 

128 

112 

100 

135 

146 

136 

122 

110 

08 

89 

93 

85 

114 

106 

96 

92 

87 

85 

80 

82 

85 


A  lai^e  list  of  varieties  has  been  grown  for  several  years  past  at  the 
Arlington  Experimental  Farm,  planted  each  year  during  the  first 
week  in  June.  In  period  of  maturity  nearly  all  the  varieties  behave 
consistently  from  season  to  season,  as  indicated  in  Table  III,  on  the 
following  page. 

a  Bulletin  82,  Tennessee  Agricultural  Experiment  Station,  December,  1908. 
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!«.. 

1907. 

VMJety. 

pUnted. 

Diteburegted. 

Lift 
period. 

I»le 
plut«d. 

DMcbttvaud. 

^ 

Do,». 

'T' 

Octobwisiiii 

'*Tti 

OciobtrT...- 

'*■• 

;;;l;;; 

SS.T:^i 

October  3 

asir^i 

August  30 

September  23 '. 

October  30.... 
do 

October  2 

October  H.,., 
October  28.... 

103 

138 

1 

S8 

112 

U9 

«S 
117 

iiiftiiii 

iiitiiii 
;::s-e: 

SI'S.". 
ffiST." 

September  30 

October  10... 

Octobo?...- 

Mo!   7m\»MVMS.'.'.'.'.'.'.'.'.'.'.'.'.. 
No.   TSMlEbJK^ 

&  i^:;;;;;;;:;;;;; 

No.   7»B,08Hiuw 

i 

...d..... 

» 

No.    7260,  Medium  Vellow 

;i:li^ 
;i|;;;: 

i 

No.    7273;  Butterbai! 

No.    7276,  AmherBl 

-s: 

sal!" 

s 

s:i  a:S;°!"'"'iiiiiiiiiiiii 

...do.... 

No.  IS227,Cbenile 

Buckahot... 
Flu  Klof. . 
Nuttalt 

Kin^toa... 

Edtt....!'!! 


Haberlandt... 

Butlerball.. . . 
Amherst 

Uanhaitan . . . 
HoJIybrook... 


October  JO. . 

October  7!!! 
September  11 


Octobers 

Octobers 

September  22 


October  30 

October  10 

September  30. 


"Ri 

June    1 

a 

m 

November  t. . 
October  K... 

do....'"; 

September  IS 


September  M. 
October  16.... 
October  30..., 
October  20.... 

September  77. 
Septembers. 


CHANGES  IN   LIFE  PERIOD.  19 

Based  on  the  data  from  the  Arlington  Experimental  Farm,  the 
varieties  may  be  classified  into  seven  groups  according  to  their  life 
periods: 


Very  early Maturing 

Early Maturing 

Medium  early Maturing 

Medium Maturing 

Medium  late Maturing 

Late Maturing 


n  80  to  90  days, 
n  90  to  100  days, 
n  100  to  110  days, 
n  110  to  120  days, 
n  120  to  130  days, 
n  130  to  150  days. 


Very  late More  than  150  days. 

CHAKOBS  IN  LIFE  FBBIOD. 

Ball,  in  Bulletin  98  of  the  Bureau  of  Plant  Industry,  page  8,  cites 
the  case  of  Agrostology  No.  1299  (S.  P.  I.  No.  17276),  obtained  from 
France  in  1902,  as  illustrating  that  a  variety  may  progressively 
change  from  early  to  late.  According  to  Ball's  records,  this  variety 
matured  at  the  Arlington  Experimental  Farm  in  1902  in  95  days; 
in  1903,  in  120  days;  in  1905,  in  130  days.  On  the  other  hand,  at 
Knoxville,  Tenn.,  the  record  of  this  variety  is  perfectly  consistent 
from  year  to  year  and  it  matures  with  the  Buckshot,  a  very  early 
variety."  Planted  August  2,  1906,  both  matured  in  70  days;  planted 
May  25,  1907,  both  matured  in  91  days;  planted  July  11,  1907,  both 
matured  in  81  days;  planted  July  30,  1907,  both  matured  in  84  days; 
planted  May  13,  1908,  both  matured  in  80  days;  planted  July  17, 
1908,  both  matured  in  82  days. 

No.  1299  was  not  grown  at  the  Arlington  Experimental  Farm  after 
1905  until  1909,  when  seed  was  obtained  from  the  Tennessee  Agri- 
cultural Experiment  Station.  In  this  year  it  matured  in  100  days, 
exactly  the  same  as  required  for  Buckshot  that  had  been  grown  con- 
tinuously at  Arlington. 

It  seems  diflBcult  to  reconcile  these  results  with  those  reported  by 
Bali,  but  the  subject  needs  further  investigation. 

In  the  case  of  the  Ogemaw  variety,  phenomena  have  occurred  that 
are  precisely  like  those  reported  by  Ball.  As  shown  by  TaJ^le  III, 
this  variety  required  the  following  periods  to  mature  at  the  Arlington 
Experimental  Farm:  In  1905,  88  days;  in  1907,  102  days;  in  1908, 
105  days;  in  1909,  112  days.  In  all  these  years  the  variety  remained 
perfectly  uniform  and  no  variants  have  ever  been  found  in  it.  In 
1909  seed  of  this  variety  was  secured  from  several  sources  to  see  if 
any  changes  in  its  Ufe  period,  which  was  suspected  from  its  increasing 
lateness  at  Arlington,  had  actually  occurred.  Tlie  rcvsults  are  sliown 
in  Table  IV.  All  of  these  lots  of  the  Ogemaw  variety  came  from  the 
same  original  source,  namely,  Mr.  E.  E.  Evans,  West  Branch,  Mich. 

a  Bulletin  82,  Tenneflsee  Agricultural  Experiment  Station,  p.  81,  1908. 
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The  limited  amount  of  data  concerning  three  other  varieties  indicate 
that  Butterbali  has  Ukewise  become  later  at  Arlington  or  earlier  at 
the  Minnesota  Agricultural  Experiment  Station,  while  no  change  has 
taken  place  in  Buckshot  and  Manhattan. 

Tablb  IV. — Variation  in  life  periods  of /our  9oy-bean  varieties^  apparently  due  to  pHaet 

effect. 


Variety. 


Ogemaw 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Buckshot... 
Do 

Do 

Do 

Manhattan. 

Do 

Do 

Dutterbell.. 

Do 

Do 


Serial 
No. 


0655 
0654 
0656 
0657 


Period  of 
maturity 

at  the 
Arlington 
Experi- 
mental 
Farm, 
1909. 


Dayt. 
84 

87 

87 

87 


0858 

21755 

25212 

0866 

0865 

87 
87 
87 
92 
97 

17258 

17251 

0859 

112 
100 
101 

ORflO 

101 

0R61 

101 

172n 

105 

0662 

106 

8422 

117 

0863 

105 

0864 

105 

17273 

112 

Source  of  seed. 


Minnesota  Agricultural  Experiment  Station,  1908,  where  grown  5  yein 

fh>m  S.  P.  I.  No.  13502  from  Agrostologr  No.  1992. 
Minnesota  Agricultural  Experiment  Station,  1906,  where  grown  4  yean 

from  Agrostology  No.  1992. 
Minnesota  Agricultural  Experiment  Station,  1906,  orjgiiial  seed  trom 

Kansas  in  1900. 
Minnesota  Agricultural  Experiment  Station,  1906,  original  seed  Iran 

Michigan  in  1903. 
Do. 
Arlington  Experimental  Farm,  1908,  from  seed  from  Paris,  Franoe. 
Bremen,  Germany. 

Idaho  Agricultural  Experiment  Station,  1906,  grown  there  several  rears. 
Idaho  Agricultural  Experiment  Station,  1906,  original  seed  from  Mnme' 

sota  Agricultural  Experiment  Station,  1907. 
Arlington  Experimental  Farm,  1908,  where  grown  for  6  jrears. 

Do. 
Minnesota  Agricultural  Experiment  Station,  1906,  grown  several  yean 

from  Agrostology  No.  1303. 
Minnesota  Agricultural  Experiment  Station,  1906,  grown  several  yean 

from  Agrostology  No.  1979. 
Minnesota  Agricultural  Experiment  Station,  1906,  grown  several  yean 

from  Agrostology  No.  1978. 
Arlington  Expenmental  Farm,  1906,  where  grown  for  0  years  from  Agros- 
tology No.  1295. 
Minnesota  Agricultural  Experiment  Station,  1906,  where  grown  toe 

several  years  from  Agrostology  No.  1205. 
Arlington  Experimental  Farm,  1906.  from  seed  grown  several  vean  at 

Illinois  Agricultural  Experiment  Station  from  Agrostology  Ko.  1I99L 
Minnesota  Agricultural  Experiment  Station,  1906,  where  grown  lor 

several  years  from  Agrostology  No.  1197. 
Minnesota  Agricultural  Experiment  Station,  1908,  where  grown  lor 

several  years  from  Agrostology  No.  1199. 
Arlington  Experimental  Farm,  1906,  where  grown  for  6  years  froo 

Agrostology  No.  1197. 


POLLINATION  AND  HYBRIDIZATION. 

The  soy-bean  flower  is  completely  self-fertile,  bagged  plants  setting 
pods  as  perfectly  as  those  in  the  open.  This  was  tested  at  the  Arling- 
ton Experimental  Farm  in  1909  by  bagging  30  plants  representing 
10  varieties.  In  no  case  did  the  bagged  individuals  fail  to  produce 
as  well  as  neighboring  unbagged  plants.  Ten  plants  were  also 
inclosed  in  box  screens  with  similar  results. 

The  flowers  are  much  visited  by  bees,  mainly  for  the  pollen,  as  but 
a  veiy  small  quantity  of  nectar  is  secreted.  Cross-pollhiation  would 
be  of  frequent  occurrence  were  it  not  that  the  abundant  pollen  of 
each  flower  covers  the  stigma  almost  as  soon  as  the  flower  opens. 
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Previous  to  1907  the  remarkable  uniformity  of  the  plats  at  the 
Ariiugton  Experimental  Farm^  except  for  occasional  and  evident 
admixtures,  had  led  to  the  belief  that  natural  hybrids  of  the  soy  bean 
did  not  occur.  In  that  year  the  occurrence  of  certain  oddly  colored 
seeds,  smoky  green,  smoky  yellow,  brown  and  yellow,  etc.,  in  the 
bulK  seed  was  noted.  These  were  carefully  saved  and  the  resultant 
rows  in  1908  gave  diverse  progeny,  showing  that  some  of  the  seeds 
at  least  were  hybrids.  In  1908  more  than  a  hundred  single-plant 
selections  of  supposed  hybrids  were  made  and  planted  in  1909.  Some 
of  the  results  are  indicated  in  Table  V. 
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It  is  evident  from  the  diversity  of  the  progeny  that  the  parents 
were  hybrids  in  all  the  cases  listed.  The  number  of  plants  grown  in 
each  case  is  too  small  to  secure  definite  proportions,  but  it  is  clear 
that  the  color  of  the  pubescence  and  the  color  of  the  seed  behave  in 
Mendelian  fashion.  The  same  is  probably  true  of  the  flower  color, 
which  was  counted  in  only  one  case. 

There  is  thus  furnished  a  clear  explanation  of  the  origin  of  many 
of  the  new  varieties  at  the  Arlington  Experimental  Farm  that  were 
at  first  mistaken  for  accidental  admixtures.  It  also  accounts  for  the 
diversity  of  the  population  exhibited  in  many  introduced  varieties 
notwithstanding  the  apparent  uniformity  of  the  seed. 

It  must  not  be  supposed  from  the  foregoing  account  that  hybrids 
are  common  in  soy  beans.  At  Arlington  the  test  rows  are  grown 
contiguously,  so  that  there  is  great  opportunity  for  cross^poUination. 
Nevertheless,  the  percentage  of  hybrids  that  occur  is  very  small,  per- 
haps not  one  individual  in  two  hundred. 

Thus  far  the  hybrid  plants  have  been  detected  mostly  by  the  color 
of  the  seed.  In  a  number  of  cases  none  of  the  progeny  has  seed 
similar  to  the  parent;  or,  in  other  words,  the  color  of  heterozygote 
seeds  is  often  unstable.  Among  the  most  striking  of  such  heterozy- 
gote seeds  (PI.  VIII)  are  yellow  with  a  single  narrow  transverse 
band  of  brown;  yellow  or  green,  with  an  irregularly  star-shaped 
brown  or  black  figure  centering  at  the  hilum;  and  green  or  yellow 
more  or  less  suffused  with  a  smoky  color.  Some  of  the  last  breed 
true,  but  most  of  them  do  not. 

Heterozygote  plants,  especially  where  the  seeds  are  largely  or 
wholly  yellow,  are  often  distinguishable  by  the  unusual  form  of  the 
pods  near  the  tips  of  the  branches.  These  are  more  tumid  than  the 
other  pods  and  the  seeds  more  crowded.  Such  pods  may  also  be 
thinner  in  texture  and  much  less  hairy.  Illustrations  of  this  phe- 
nomenon are  shown  in  Plate  VII. 

ICUTATIONS. 

The  origin  of  new  varieties  of  soy  beans  without  hybridization  has 
apparently  occurred  in  certain  cases  that  have  come  under  our  obser- 
vation. From  a  theoretical  standpoint  there  can  be  no  doubt  that 
the  fundamental  diversity  in  a  plant,  especially  when  normally  self- 
pollinated,  is  brought  about  by  other  causes  than  hybridization.  It 
is  self-evident  that  there  must  be  two  different  varieties  to  cross 
before  crossing  can  become  effective  in  producing  new  varieties. 
Most  soy-bean  varieties  when  pure  remain  very  constant  to  type,  so 
that  any  chance  variation  is  quickly  detected.  There  are  two  cases 
m  which  the  evidence  is  fairly  satisfactory  that  a  brown-seeded 
variety  arose  as  a  mutation  from  a  yellow-seeded  sort. 
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Trenton  (S.  P.  I.  No.  24610). — This  is  a  brown-seeded  variety 
found  by  Mr.  S.  J.  Lea  veil,  of  Trenton,  Ky.,  in  a  field  of  the  yellow- 
seeded  Mammoth.  Grown  side  by  side  at  the  Arlington  Experimental 
Farm  in  1909,  the  two  varieties  were  indistinguishable  by  any  other 
character  than  the  seed  color. 

Ricdand  (S.  P.  I.  No.  20797).— At  the  Arlington  Experimental 
Farm  this  variety  has  been  grown  for  three  seasons,  and  while  it  ma- 
tures but  few  seeds  it  is  very  uniform.  At  Biloxi,  Miss.,  in  1908,  it 
displayed  astonishing  diversity.  Some  plants  had  very  narrow 
leaves,  others  very  broad,  and  all  degrees  of  intermediates  occurred; 
some  plants  were  erect,  others  procumbent;  some  fruited  heavily, 
others  scarcely  at  all.  The  seed  was  saved  from  individual  plants 
showing  the  most  striking  variations,  and  the  resultant  plants  of  each 
in  1909  were  uniform.  It  is  possible  that  the  seed  planted  at  Biloxi 
contained  these  forms,  but  the  fact  that  the  same  bulk  seed  gave  uni- 
form plants  elsewhere  indicates  that  the  diversity  was  a  response  to 
the  environment.  No  similar  phenomenon  has  as  yet  been  witnessed 
in  other  varieties. 

NOMEXCLATUBB  AND  CLASSIFICATION. 

Most  of  the  varieties  of  soy  beans  that  were  early  introduced  into 
the  United  States  received  such  names  as  Early  Black,  Medium 
Green,  Late  Yellow,  etc.,  one  adjective  referring  to  the  period  of  ma- 
turity, the  other  to  the  color  of  the  seed.  As  long  as  the  varieties 
were  few  such  a  system  of  naming  was  satisfactory. 

In  1907,  when  the  number  of  varieties  had  increased  to  23,  Ball* 
recognized  the  impracticability  of  such  a  system  of  nomenclature 
and  gave  single-term  appellations  to  most  of  the  varieties.  On  this 
account,  several  of  the  older  sorts  are  now  known  by  two  or  more 
names. 

At  the  present  time  there  are  known  about  300  varieties,  mostly 
obtained  in  the  last  three  years  from  Asia  by  the  activities  of  the 
Office  of  Seed  and  Plant  Introduction  of  the  Bureau  of  Plant  Industry. 
In  the  synopsis  of  the  varieties  here  presented  they  are  classified  (1) 
by  the  type  of  plant  into  five  groups  and  (2)  by  the  color  of  the  seeds. 
A  brief  description  is  given  of  each,  but  only  the  more  important  have 
been  given  names.  It  will  be  noticed  that  a  considerable  number  of 
the  varieties  are  not  pure,  containing  two  or  more  closely  similar  sorts 
distinguished  by  the  color  of  the  flowers  or  the  color  of  the  pubescence, 
or  both.  Thus,  the  Acme  variety  is  really  a  mixture  of  four  sorts, 
namely,  white  flowered  with  gray  pubescence,  white  flowered  with 
tawny  pubescence,  purple  flowered  with  gray  pubescence,  and  purple 
flowered  with  tawny  pubescence.     These  all  mature  together  and  the 

»  Bulletin  98,  Bureau  of  Plant  Industry,  1907. 
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seeds  are  either  identical  or  distinguishable  with  great  difficulty. 
Nevertheless,  the  results  secured  with  other  varieties  leave  no  question 
that  all  these  can  be  separated  and  bred  true  to  type. 

In  regard  to  the  brief  descriptions  given,  a  few  words  of  explanation 
are  necessary.  Many  of  the  importations  proved  to  be  impure  lots  of 
seeds.  In  some  cases,  especially  where  the  seeds  were  differently 
colored,  these  were  separated  before  planting;  and  such  are  definitely 
indicated.  In  other  cases  the  mixture  was  not  detected  until  the 
plants  were  grown,  or,  in  a  fe^  cases,  until  the  seed  was  harvested. 
Where  the  difference  was  detected  in  the  field  and  the  plants  sep- 
arated, they  are  referred  to  as  'Afield  selections.^'  On  the  other  hand, 
if  the  selection  was  merely  a  separation  of  seed  from  the  garnered 
crop,  these  are  spoken  of  as  "seed  selections."  Both  the  ''seed" 
selections  and  the  ''field"  selections  are  for  the  most  part  "mass" 
selections,  and  many  of  them  prove  still  to  be  impure,  containing 
both  tawny  and  gray-haired,  or  red-flowered  and  white-flowered 
varieties,  which,  however,  mature  together.  Most  of  these  have  not 
been  separated,  though  in  all  valuable  varieties  they  should  be. 
Where  one  or  the  other  of  such  differences  is  not  recorded,  the  variety 
is  a  pure  strain.  Where  the  selections  were  made  the  first  year  that 
the  plants  were  grovni  from  imported  seeds,  they  may  be  either  acci- 
dental admixtures  or  the  result  of  hybridization  at  the  place  where 
the  original  seed  was  grown.  If,  on  the  other  hand,  they  were 
selected  two  or  more  years  after  they  were  introduced,  they  are  almost 
certainly  the  result  of  hybridization  at  the  Arlington  Experimental 
Farm. 

Besides  these,  many  individual  or  centgener  selections  have  been 
made;  these,  however,  are  not  considered  in  the  accompanying  de- 
scriptions. Except  these  last,  all  selections  are  indicated  by  the  origi- 
nal S.  P.  I.  serial  number  with  a  letter  added,  thus  16790  D. 

It  will  be  apparent  from  the  descriptions  that  many  varieties  are 
very  similar  to  one  another.    Only  a  comparatively  few  of  them 
have  been  named.     Very  careful  field  comparisons  were  made,  how- 
ever, in  all  cases,  so  that  each  description  represents  a  different  thing. 
In  the  cases  of  a  number  of  early  S.  P.  I.  introductions,  new  num- 
bers were  assigned  to  different  lots  of  seed  grown  from  the  original. 
Thus,  the  original  introduction  of  Ebony  was  S.  P.  I.  No.  6386  and 
different  lots  of  its  progeny  were  Nos.  8492,  9414,  and  17254.     This 
is  indicated  in  each  case.     Many  of  these  earlier  S.  P.  I.  numbers  were 
also  distributed  imder  a  series  of  Agrostology  numbers,  full  keys  to 
their  respective  identities  being  given  by  Ball  in  Bulletin  98  of  the 
Bureau  of  Plant  Industry,  so  that  their  identity  with  the  numbers 
and  descriptions  here  given  can  be  easily  determined. 
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The  first  mention  of  the  soy  bean  in  American  literature  is  by 
Thomas  Nuttall,  in  the  New  England  Farmer,  October  23,  1829. 
Nuttall  grew  a  variety  with  red  flowers  and  chocolate-brown  seeds 
in  the  botanic  garden  at  Cambridge,  Mass.,  and  from  his  observa- 
tions wrote  a  brief  account  concerning  it.    He  writes: 

Its  principal  recommendation  at  present  is  only  ds  a  luxury,  affording  the  well- 
known  sauce,  soy,  which  at  this  time  is  only  prepared  in  China  and  Japan. 

In  the  same  journal  two  years  later,  November  23,  1831,  is  an 
account  of  the  successful  culture  of  the  plant  at  Milton,  Mass.,  the 
seed  having  been  obtained  from  Nuttall. 

No  further  mention  of  the  plant  in  American  literature  appears 
until  1853,  when  a  brief  account  appeared  under  the  name  '^  Japan 
pea,"  by  A.  H.  Ernst,  Cincinnati,  Ohio,  as  follows:  " 

The  Japan  pea,  in  which  so  much  interest  has  been  manifested  in  this  country  for 
a  year  or  two  past,  from  its  hardihood  to  resist  drought  and  frost,  together  with  its 
enormous  yield,  appears  to  be  highly  worthy  of  the  attention  of  agriculturists. 

This  plant  is  stated  to  be  of  Japan  origin,  having  been  brought  to  San  Francisco 
about  three  years  since,  and  thence  into  Illinois  and  Ohio.  Its  habit  of  growth  is 
bushy,  upright,  woody,  and  sti£f,  branching  near  the  ground,  and  attaining  a  height 
of  three  or  four  feet.  The  leaflets  are  large,  resembling  those  of  an  ordinary  bean, 
occurring  in  sets  of  three,  with  long  quadrangular  stems.  The  flowers,  which  are 
small  and  white,  but  rather  inconspicuous,  sometimes  having  purple  centers. 

In  the  following  year,  1854,  the  Perry  expedition  brought  back 
two  varieties  of  ''sofa  bean"  from  Japan,  one  '* white"  seeded,  the 
other  **red"  seeded.**  These,  together  with  the  Japan  pea,  were  dis- 
tributed by  the  Commissioner  of  Patents  in  1854,  and,  thereaften 
frequent  references  to  the  plant  occur  in  agricultural  literature 
under  such  names  as  Japan  pea,  Japan  bean,  and  Japanese  fodder 
plant.*  Most  of  these  articles  speak  of  the  plant  as  the  Japan  pea, 
none  of  them  as  the  soy  or  soja  bean.  It  is  apparent  from  the  early 
accounts  that  there  were  at  least  two  Japan  peas,  one  early  enough 
to  mature  in  Connecticut  (Patent  Office  Report,  1854,  p.  194),  the 
other  very  late  (American  Agriculturist,  1857,  vol.  16,  p.  10).  Judg- 
ing from  all  the  accounts,  we  suspect  that  the  early  Japan  pea  may 
be  the  Ito  San  variety,  which,  however,  has  red  flowers,  while  the 
late  variety  may  be  the  Mammoth.  The  Ito  San  is  still  occasionally 
called  the  Japan  pea,  while  the  introduction  and  source  of  the  Mam- 
moth  has   never   been   definitely   determined.     From   these  earij 

o  Report  of  the  Commissioner  of  Patents,  Agriculture,  p.  224. 

b  Report  of  the  CJommissioner  of  Patents,  Agriculture,  1854,  p.  xv. 

c  See  especially  Report  of  the  Commissioner  of  Patents,  Agriculture,  1864,  p.  IW. 
American  Agriculturist,  November  1,  1854,  p.  120;  January,  1857,  p.  10;  February, 
1874,  p.  63.    Rural  New  Yorker,  January  21,  1854,  p.  22;  January  21,  1858,  p.M. 
American  Farmer,  January,  1856,  p.  57.    The  Cultivator,  May  18, 1855. 
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uccounis  the  Mammoth  may  well  be  the  ^' white-seeded"  soja  bean 
obtained  by  the  Perry  expedition.  The  '' red-seeded  soja  bean"  was 
>erhaps,  the  Adsuki  bean  (JPhaseolus  anffvlaris),  as  no  red-seeded 
oy  bean  is  known. 

Prof.  G.  H.  Cook,  of  New  Brunswick,  N.  J.,  obtained  seed  of  the 
toy  bean  at  the  Bavarian  Agricultural  Station  in  1878.  In  the  same 
rear  Mr.  James  Neilson^  obtained  seeds  of  several  varieties  at  Vienna, 
Austria.  Both  of  these  gentlemen  planted  the  seeds  and  gathered 
*rops  of  the  different  varieties  in  1879.  These  varieties  were  without 
ioubt  those  grown  and  distributed  through  Europe  by  Professor 
Saberlandt,  of  Vienna. 

A  yellow-seeded  soy  bean  was  grown  at  the  North  Carolina  Agri- 
cultural Experiment  Station  in  1882  and  reported  on  in  some  detail. 
The  source  of  the  variety  is  not  given,  but  by  implication  it  is  the 
same  as  the  variety  stated  to  be  grown  by  a  number  of  persons  in 
the  State,  and  is  probably  the  Mammoth.^ 

Two  varieties,  one  black  seeded,  the  other  with  white  seeds,  were 

grown  at  the  Massachusetts  Agricultural  Experiment  Station  in  1888.'' 

In  1890  Prof.  C.  C.  Georgeson  secured  three  lots  of  soy  beans  from 

Japan  which  were  grown  at  the  Kansas  Agricultural  Experiment 

Station  in  1890  and  subsequently .<* 

Prof.  W.  P.  Brooks,  of  Amherst,  Mass.,  brought  with  him  from 
Japan  in  1889  a  number  of  soy-bean  varieties,  including  the  Medium 
Green  or  Guelph,  and  the  Ito  San.  It  is  quite  certain  that  other 
importations  of  soy  beans  from  Asia  were  made  by  others,  but  no 
definite  records  have  been  found. 

Since  1890  most  of  the  agricultural  experiment  stations  have 
experimented  with  soy  b^ans  and  many  bulletins  have  been  pub- 
lished dealing  wholly  or  partly  with  the  crop. 

VABISnSS  XNTBODUOED  INTO  THE  UNITED  STATES  INDBPEND- 
SHTLT  OF  THE  DBPABTHENT  OF  AGBICTTLTUBE  OB  PREVIOUS 
TO  1898. 

ENUMERATION. 

Previous  to  the  numerous  introductions  by  the  United  States 

apartment  of  Agriculture  beginning  in  1898,  there  were  not  more 

|iluiQ  eight  varieties  of  soy  beans  grown  in  the  United  States,  namely, 

Jto  San,  Mammoth,  and  Butterball,  with  yellow  seeds;  Buckshot 

and  Kingston,  with  black  seeds;  Guelph  or   Medium  Green,  with 

green  seeds;  and  Eda  and  Ogemaw,  with  brown  seeds. 

«Rand  New  Yorker,  1882,  p.  9. 

^AnntuJ  Report  of  the  North  Carolina  Experiment  Station,  1882,  pp.  11(>-127. 
<  Anniud  Report  of  the  Maflsachuaetts  Experiment  Station,  1889,  pp.  140-141. 
'Bulletin  19,  Kansas  Agricultural  Experiment  Station,  p.  200. 
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It  has  been  possible  to  determine  the  history  of  these,  in  part  at 
least,  which  is  of  value  in  interpreting  the  older  records. 

ITO   SAN. 

I  to  San  was  among  the  varieties  introduced  in  1899  by  Prof.  W. 
P.  Brooks,  of  Amherst,  Mass.,  and  by  him  called  Early  Yellow. 
Later,  Mr.  E.  E.  Evans  secured  seed  of  it  and  in  1902  ciJled  it  Ito 
San.  Mr.  Evans  writes  that  he  subsequently  secured  it  '*from  half 
a  dozen  sources  in  the  United  States  and  Japan."  The  same  variety 
was  also  among  those  introduced  by  Prof.  C.  C.  Georgeson,  of  the 
Kansas  Agricultural  Experiment  Station,  and  grown  in  1890  °  and 
subsequent  years.  This  conclusion  is  based  on  the  identity  of  nine 
varieties  obtained  from  the  Rhode  Island  Agricultural  Experiment 
Station  in  1903.  This  station  had  previously  obtained  several  varie- 
ties from  the  Kansas  Agricultural  Experiment  Station  in  1892.* 
Three  of  the  varieties  from  Rhode  Island  had  exactly  the  same  names 
as  those  published  in  Bulletins  19  and  32  of  the  Kansas  Agricultural 
Experiment  Station,  namely,  Eda  Mame,  Yellow  Soy  Bean,  and 
Kiyusuke  Daidzu.    All  three  of  these  are  Ito  San. 

Ball*^  gives  a  list  of  numerous  American  sources  through  which 
this  variety  was  secured  under  such  names  as  Yellow,  Early  Yellow, 
and  Early  White.  It  was  also  grown  at  the  Virginia  A^icultural 
Experiment  Station  in  1905  as  Japanese  pea,  as  shown  by  later 
cultures  at  the  Arlington  Experimental  Farm  of  seed  from  this 
experiment  station. 

Among  the  introductions  of  the  Office  of  Foreign  Seed  and  Plant 
Introduction  it  is  represented  by  No.  6326,  received  in  1901  from 
Tokyo,  Japan,  and  No.  21818,  obtained  from  Vilmorin-Andrieux  & 
Co.,  Paris,  France,  as  "Yellow  Etampes.*'  It  is  quite  probable  that 
this  is  one  of  the  varieties  grown  by  Professor  Haberlandt  in  his 
experiments,  as  all  of  his  varieties  were  grown  at  Etampes  and  other 
places  in  France.^  We  suspect  that  this  is  also  the  variety  that 
was  distributed  by  the  United  States  Patent  Office  in  1853,  as  most 
of  the  early  accounts  point  to  this  or  a  closely  similar  variety.  These 
accounts  refer  to  it  as  Japan  pea,  Japanese  pea,  Japan  bean,  and 
also  coffee  berrv.* 


a  Bulletin  19,  Kansas  Agricultural  Experiment  Station,  December,  1890. 

b  Report,  Rhode  Island  Agricultural  Experiment  Station,  1892,  p.  150. 

c  Bulletin  98,  Bureau  of  Plant  Industry,  p.  24. 

dLa.  Nature,  1881,  pt.  2,  p.  115. 

«  See  especially  the  Rural  New  Yorker,  January  21, 1854,  p.  22. 
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MAMMOTH. 

The  Mammoth  is  at  present  the  most  important  soy  bean  grown 
in  the  United  States.  It  has  also  been  known  as  Late,  Yellow,  Late 
Yellow,  Southern,  and  Mammoth  Yellow. 

The  date  of  introduction  of  this  variety  is  very  obscure,  and 
nothing  definite  is  known  regarding  its  origin.  None  of  the  numer- 
ous recent  introductions  are  identical  and  but  one  is  closely  similar, 
n&mely.  No.  22318,  from  Erfurt,  Germany,  received  as  "Yellow 
Riesen."  It  is  not  probable,  though,  that  this  was  German-grown 
seed,  as  so  late  a  variety  could  scarcely  mature  in  Germany.  Sev- 
eral varieties  from  Shanghai,.  China,  and  from  Japan  are  closely 
related.  It  may  possibly  be  the  "white-seeded"  soy  bean  intro- 
duced by  the  Perry  expedition.  We  have  been  unable  to  find  any 
early  published  records  that  definitely  refer  to  this  variety.  It  is  not 
improbable  that  it  is  this  variety  that  was  grown  at  the  North  Carolina 
Agricultural  Experiment  Station  in  1882.  There  can  be  but  little 
doubt  that  it  is  the  "soja"  bean  from  T.  W.  Wood  &  Sons,  Rich- 
mond, Va.,  grown  by  the  Kansas  Agricultural  Experiment  Station 
in  1889  ^  and  in  1890.^  Since  1895  Mammoth  has  been  a  well-known 
variety. 

BUCKSHOT. 

The  history  of  this  variety  is  somewhat  complicated.  It  has  been 
obtained  from  the  following  American  sources: 

Agrofltolpgy  No.  1184,  "Black,"  from  Rhode  Island  Agricultural  Experiment  Station, 
spring,  1903. 

Agrostology  No.  IdOl,  "Early,*'  from  Johnson  &  Stokes,  March,  1902. 

Agrostology  No.  1303,  "Extra  Early  Black,"  from  J.  M.  Thorburn  &  Co.,  March,  1902. 

Agrostology  No.  1304,  from  W.  A.  Burpee,  March,  1902. 

Agrostology  No.  1474,  "Extra  Early  Black,"  from  Hammond  Seed  Company,  March, 
1903. 

Agrostology  No.  2033,  "Crossbred  No.  9,"  from  the  Arkansas  Agricultiural  Experiment 
Station,  May,  1904.  "Crossbred  No.  9"  of  Evans  is  really  Ogemaw,  while  his 
"  Crossbred  No.  6  "  is  Early  Black  or  Buckshot.  These  two  numbers  were  exactly 
reversed  at  the  Arkansas  Experiment  Station,  as  the  variety  received  from  that 
station  as  "Crossbred  No.  6  "  (Agrostology  No.  2031)  proved  to  be  Ogemaw. 

All  of  the  foregoing  were  later  united  as  S.  P.  I.  No.  17251. 

8.  P.  I.  No.  6334,  from  Tokyo,  Japan,  April  20,  1901.    Among  the  progeny  of  this 

are  S.  P.  I.  Nos.  8491,  9412,  and  probably  11179,  and  Agrostology  No.  1292. 
8.  P.  I.  No.  19987,  from  Yokohama,  Japan,  1907. 
8.  P.  I.  No.  22883,  from  Tokyo,  Japan,  1908. 
8.  P.  I.  No.  22322,  "Early  Black  from  Podolia,"  Haage  &  Schmidt,  1908. 

a  Report,  Kansas  Agricultural  Experiment  Station,  1889,  p.  43. 
fr  Bulletin  19,  Kansas  Agricultural  Experiment  Station,  p.  201. 
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From  these  data  it  would  appear  that  the  Buckshot  is  a  commoi 
Japanese  variety.  But  Mr.  E.  E.  Evans,  West  Branch,  Mich, 
claims  that  this  variety  was  originated  by  him  in  1901  as  a  hybrid 
''Evans's  Crossbred  No.  6/'  which  he  advertised  in  1902  and  di» 
tributed  widely.  In  recent  correspondence  Mr.  Evans  states  thai 
this  was  a  hybrid  of  a  large,  flat,  black  variety,  Medium  Early  Black 
and  of  the  Dwarf  Brown.  According  to  Mr.  Ball,  No.  6334  and 
its  progeny  numbers  were  identical  with  Evans's  variety.  L: 
Mr.  H.  T.  Nielsen's  opinion,  Nos.  19987  and  22883  were  also  pre- 
cisely identical.  Unfortunately,  these  three  Japanese  lots  wen 
not  grown  in  1909.  A  critical  comparison  of  the  seed  sampla 
shows,  however,  that  the  three  Japanese  lots  have  thicker,  men 
nearly  globose  seeds  than  most  of  the  lots  derived  from  Evans'i 
plant.  It  is,  therefore,  not  unlikely  that  there  are  really  two  closel] 
similar  but  distinct  varieties  involved,  a  matter  which  needs  furthei 
investigation. 

Nos.  22322  and  25212  A  are  undoubtedly  the  same  as  Evans's  plant 

OUELPH,  OR  MEDIUM  GREEN. 

Guelph,  or  Medium  Green,  was  introduced  by  Prof.  W.  P.  Brooks 
in  1889,  from  Japan,  and  is  now  quite  extensively  grown  in  thi 
Northern  States.  The  same  variety  was  also  obtained  from  Hankow 
China,  in  May,  1901 — S.  P.  I.  No.  6558,  according  to  Ball's  identifi 
cation.^  It  has  since  been  received  from  only  one  foreign  souroe 
namely,  S.  P.  I.  No.  22320,  from  Haage  &  Schmidt,  as  "Greei 
Samarow."  This  last  might  easily  be  the  progeny  of  the  Americai 
introduction. 

BUTTERBALL. 

The  Butterball  variety  was  first  secured  from  the  Rhode  Island 
Agricultural  Experiment  Station  in  1903  as  "Early  Japan,"  and 
it  is  probably  one  of  Professor  Brooks's  introductions.  AccordiQj 
to  Ball,^  S.  P.  I.  No.  8422,  from  Yokohama,  Japan,  is  identic4iL 
A  recent  culture  of  this  number  obtained  after  a  lapse  of  several 
years  from  the  Illinois  Agricultural  Experiment  Station,  through 
Mr.  H.  B.  Derr,  proved  to  be  Butterball,  but  there  were  a  few  diffe^ 
ent  things  intermixed,  probably  hybrids.  A  recent  lot  of  seed 
from  Dammann  &  Co.,  Naples,  Italy,  S.  P.  I.  No.  22415,  received  as 
"Giant  Yellow,'^  is  undoubtedly  Butterball. 

a  Bulletin  98,  Bureau  of  Plant  Industry,  p.  21. 
^  Bulletin  98,  Biu^au  of  Plant  Industry,  p.  25. 
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KINGSTON. 

The  Kingston  soy  bean  was  received  from  the  Rhode  Island  Agri- 
oltural  Experiment  Station  in  1903  as  ^^  Japanese  No.  15."  It  was 
btained  by  them  from  Prof.  W.  P.  Brooks,  of  the  Massachusetts 
Lgricultural  Experiment  Station,  who  brought  a  number  of  soy-bean 
arieties  from  Japan  in  1889,  and  is  probably  the  variety  which  he 
lamed  "Medium  Black."  It  has  never  been  secured  from  any  other 
ource.  In  all  probability  this  is  the  variety  grown  at  the  Rhode 
sland  Agricultural  Experiment  Skttion  in  1893**  as  *' Medium 
Jlack." 

SAMABOW. 

The  Samarow  has  not  occurred  in  any  of  our  Asiatic  importations. 
[t  is  advertised  under  the  name  of  *' Green  Samarow"  by  several 
European  seedsmen.  Messrs.  J.  M.  Thorbum  &  Co.,  who  first  intro- 
luced  it  into  the  United  States  about  1901,  inform  us  that  their  seed 
iras  from  Italy.  The  "Green  Samarow,"  S.  P.  I.  No.  22320,  from 
Saage  &  Schmidt,  Erfurt,  Germany,  proved  to  be  Guelph. 

EDA. 

■ 

The  Ekia  is  the  brown-seeded  variety  introduced  from  Japan  and 
grown  by  the  Kansas  Agricultural  Experiment  Station  in  1890  under 
the  name  Yamagata  Chordaidzu,  The  identification  of  Chadaidzu 
rests  on  the  fact  that  the  Rhode  Island  Agricultural  Experiment 
Station  secured  all  of  the  varieties  from  Kansas  in  1892.  The  De- 
partment ol  Agriculture  obtained  all  of  these  varieties  from  Rhode 
Island  in  1903,  including  but  one  brown-seeded  variety  under  the 
name  "Brown  Eda  Mame.'' 

OGEMAW,  OB  OQEMA. 

The  Ogemaw,  or  Ogema,  variety  was  first  introduced  by  Mr.  E.  E. 
Evaofi,  of  West  Branch,  Mich.,  in  1902,  as  **  Evans's  Crossbred  No.  9." 
Mr.  Evans  writes  that  he  originated  this  as  a  cross  between  his  No. 
6,  Elarly  Black,  and  the  Dwarf  Brown.  All  of  the  several  lots  of  this 
variety  grown  in  our  trials,  namely,  Agrostology  Nos.  13502,  17258, 
ind  17259,  trace  back  to  this  origin,  and  it  has  been  obtained  from 
DO  foreign  source.  Nos.  21755,  from  France,  and  25212,  from  Bre- 
men, Germany,  are  very  similar,  however. 

^Annual  Report,  Rhode  Island  Agricultural  Experiment  Station,  1893,  p.  191. 
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VABIETIES  GROWN  IN  EXTBOPE. 
EARLY  HISTORY. 

The  growing' of  soy  beans  in  Europe  dates  from  the  experiment 
of  Prof.  Friedrich  Haberlandt,  of  Vienna,  in  1875  and  subsequen 
years.  Haberlandt  secured  seed  of  nineteen  varieties  at  the  Vienna 
exposition  in  1873.     These  were  as  follows: 

Five  yellow-seeded  varieties  from  China,  j  One  yellow-seeded  variety  from  Japan. 


Three  black-seeded  varieties  from  China. 
Three  green-seeded  varieties  from  China. 
Two    brown-red-seeded    varieties    from 
China. 


Three  black-seeded  varieties  from  Japan 
One  black-seeded   variety  from  Trau 

Caucasia. 
One  green-seeded  variety  from  Tunis. 


Of  these,  only  four  varieties  matured  at  Vienna,  namelj',  tw< 
yellow  seeded,  one  black  seeded,  and  one  brown-red  seeded,  all  fron 
China.  All  of  Haberiandt's  further  work  was  done  with  these  fou 
varieties,  which  were  grown  in  many  places  in  Austria  and  Grermanj 
and  in  France  and  Italy,  so  that  they  became  widespread.  Presum 
ably  they  are  still  among  the  varieties  grown  in  Europe.  Thej 
were  brought  to  this  country  by  Cook  and  by  Neilson  in  1878,"  but 
it  is  only  by  surmise  that  any  of  the  American  varieties  can  be  tracec 
to  this  source. 

From  various  European  sources  the  following  varieties  of  soj 
beans  have  been  obtained : 

SAMAROW. 

Seed  obtained  from  Dammann  &  Co.,  Naples,  Italy,  No.  22411,  and  identical  witl 
No.  17260,  which  last  was  introduced  by  Messrs.  Thorburn  &  Co.  from  Italy.  Atot 
called  "Green  Samarow." 

ETAMPES. 

Seed  from  Vilmorin-Andrieux  &  Co.,  Paris,  France,  No.  21818,  proved  identic*! 
with  Ito  San.  Also  advertised  by  other  European  seedsmen,  usually  as  Yelbv 
Etampes. 

CHERNIE. 

Seed  was  received  from  Vilmorin-Andrieux  &  Co.  as  "Early  Black  from  Podolia,^' 
No.  21757  and  No.  21756;  from  Ilaage  &  Schmidt,  Erfurt,  Germany,  as  No.  22321; 
and  from  Dammann  &  Co.  as  "Black,"  No.  22412.  All  of  these  are  identical  and 
indistinguishable  from  No.  18227,  obtained  from  Khabarovsk,  Siberia. 

*' YELLOW   RIESEN." 

Seed  obtained  from  Haage  &  Schmidt,  No.  22318.  The  variety  is  very  similar  to 
Mammoth,  but  somewhat  later.  No.  22317,  "Yellow,"  from  the  same  source,  hai 
indistinguishable  seeds,  but  these  did  not  germinate. 


o  Rural  New  Yorker,  1882,  p.  9. 
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BUCKSHOT. 

No.  22322,  obtained  from  Haage  &  Schmidt,  is  indistinguishable  from  the  Buckshot 
TOriety,  S.P.I.  No.  17251.  It  was  received  as  "  Early  Black  from  Podolia,  * '  but  is  not 
&e  same  as  the  variety  received  under  that  name  from  another  source.  Seeds  of  this 
variety  were  also  mixed  in  the  brown  seed  from  the  Botanical  Garden  of  Bremen, 
Germany,  and  grown  as  No.  25212  A. 

"yellow." 

This  variety  was  received  from  Dammann  &  Co.,  No.  22414,  and  Vilmorin-Andrieux 
ft  Co.,  No.  21754,  the  two  being  identical  and  different  from  any  others  yet  received. 
It  is  a  small,  early  variety,  maturing  at  Arlington  in  ninety  days.^ 

*' BROWN." 

Seed  under  this  name  was  obtained  from  Dammann  &  Co.,  No.  22413,  Haage  & 
Schmidt,  No.  22319,  and  Vilmorin-Andrieux  A  Co.,  No.  21755.  These  seeds  are  indis- 
tinguishable, but  only  No.  21755  grew.  The  original  seed  of  this  is  much  smaller  than 
Ogemaw,  but  in  1909  both  the  seeds  and  plants  could  not  be  distinguished  from  Oge- 
maw from  Michigan.  No.  25212,  from  the  Botanical  Garden,  Bremen,  Germany,  also 
with  brown  seeds,  was  likewise  indistinguishable  from  Ogemaw  in  1909,  though  the 
original  seeds  were  different  both  from  No.  21755  and  from  Ogemaw. 

BUTTERBALL. 

The  variety  secured  from  Dammann  &  Co.,  No.  22415,  as  ** Giant  Yellow,"  could 
not  be  distinguished  from  S.  P.  I.  No.  17274,  Buttcrbali. 

8.  P.  I.  NO.  5039. 

This  seed  was  received  from  Vilmorin-Andrieux  &  Co.  as  "Extra  Early  Black 
Seeded.'*  This  is  the  original  importation  of  the  variety  later  named  Wisconsin 
Black.  S.  P.  I.  No.  25468,  which  is  now  commercially  handled  by  a  few  seedsmen. 

There  are  no  authentic  records  of  a  few  of  the  earliest  S.  P.  I. 
importations  from  Europe,  so  that  nothing  definite  can  be  said  as  to 
their  identity.  Among  these  are  No.  1492  (brown  seeded),  No. 
1493  (black  seeded),  and  No.  2156,  Yellow  Etampes,  all  from  France. 

From  these  data  it  would  appear  that  at  the  present  time  at  least 
ten  varieties  of  soy  beans  are  more  or  less  grown  in  Europe.  Pre- 
sumably there  are  included  among  these  the  four  varieties  grown  by 
Haberlandt,  and  it  is  therefore  probable  that  his  black  variety  was 
Chemie,  his  brown-red  variety  the  ** Brown"  of  the  European  seeds- 
men, one  of  the  yellows  the  Ito  San  or  Etampes,  and  the  other 
probably  the  '* Yellow"  of  Dammann  &  Co.  and  Vilmorin-Andrieux 
&  Co.  All  of  these  are  quite  small  seeded  and  agree  well  with  the 
weights  per  thousand  seeds  as  given  by  Haberlandt. 

«No.  17276,  without  name,  from  Havre,  France,  is  a  very  similar  but  distinct 
variety. 
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THE  SOY  BEAN  IN  ASIA. 
ASIATIC   SOURCES  OF  SOY  BEANS. 

Soy  beans  are  grown  most  abundantly  in  Asia  in  Japan,  Korei 
Manchuria,  and  in  the  northern  provinces  of  China,  namely  Shan-i 
and  Shan-tung,  but  little  detailed  statistical  information  concemiii 
the  crop  has  yet  been  published.* 

In  other  provinces  of  China  the  plant  seems  not  to  be  cultivatei 
extensively,  though  grown  as  far  south  as  the  Yangtse.  Seeds  hav 
also  been  received  from  such  places  as  Canton  and  Hongkong  h 
southern  China,  but  it  is  not  certain  that  these  were  grown  then 
The  soy  bean  is  also  grown  sparingly  in  Formosa,  Cochin  China 
Celebes,  Java,  and  India. 

According  to  Watt*  the  soy  bean  is  *' extensively  cultivate 
throughout  India  and  in  eastern  Bengal,  Khasi  Hills,  Manipur,  th 
Naga  Hills,  and  Burma,  often  found  as  a  weed  on  fields  or  near  culti 
vation."  The  few  varieties  secured  from  India  are  very  distind 
indicating  a  long  culture  in  that  country,  as  indeed  the  numerou 
vernacular  names  used  would  imply. 

LIST   OP  VARIETIES. 

Among  the  many  varieties  introduced  it  is  a  very  interesting  fac 
that  the  same  variety  has  rarely  been  secured  a  second  time  unlea 
from  the  same  place.  It  appears  that  practically  every  locality  ii 
China  has  its  own  local  varieties.  If  this  be  true,  then  there  an 
probably  several  times  as  many  varieties  existing  as  have  yet  beei 
obtained.  In  general,  the  earliest  varieties  come  from  the  northern 
most  localities,  the  latest  from  the  southernmost. 

The  following  lists  show  the  various  places  in  Asia  from  whicl 
soy-bean  seed  has  been  obtained.  Distinct  soy-bean  varieties  att 
obtained  from  practically  every  diiferent  locality.  The  list  not 
only  indicates  to  some  extent  the  distribution  of  the  soy  bean,  but 
will  suggest  the  more  likely  regions  from  which  valuable  new  varietie 
may  be  obtained. 

SIBERIA. 

South  Usuri,  Nos.  480,  20699;  Khabarovsk,  Nos.  18227,  20405,  20406,  20408;  Mcr- 
koechofka,  Noe.  20407,  20409,  20410,  20411,  10412,  20414. 

MANCHURIA. 

Newchwang,  Noe.  19183,  19184,  19186;  Harbin,  No.  20854;  Tieling.  Noe.  21079, 
21080. 


«See,  however,  the  following  works:  Iloaie,  Alexander,  Report  on  the  Province  ol 
Szet^hwan,  1904,  and  Soya  Bean  and  Products;  Special  Consular  Reports,  vol.40, 
1909,  Bureau  of  Manufactures,  Department  of  Commerce  and  Labor. 

b  Dictionary  of  the  Economic  Products  of  India,  1890,  vol.  3,  p.  510. 
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KOREA. 

PSngyang,  Noe.  6386,  6396,  6397,  6414,  6416;  Ko-bau,  No.  20011. 

JAPAN. 

jMyo,  Noe.  647,  648,  650,  651,  652,  653,  654,  655,  656,  6312,  6314,  6326,  6333,  6334, 
K>,  6336,  22874,  22875,  22876,  22877,  22878,  22879,  22880,  22881,  22882,  22883,  22884, 
^;  Kobe,  Noe.  20892,  20893;  Yokohama,  Noe.  4980,  8422,  8423, 8424, 19981, 19982, 
tt3,  19984,  19985,  19986,  19987,  22503,  22504,  22505,  22506,  22507;  Hokkaido,  Noe. 
125,  21830,  21831;  Anjo,  No.  8900. 

CHINA. 

Ming,  Chihli,  Noe.  17852,  23305,  23306,  27498;  Shan-hai-kw«i,  Chihli,  No.  17857; 
lentein,  Chihli,  Noe.  17862,  23229;  Paotingfu,  Chihli,  Noe.  22897,  22899,  22900, 
Ml,  23312;  Wutaishan,  Chihli,  Noe,  23291,  23292;  Shiling,  Chihli,  Noe.  23303, 
BU;  Pee-ean,  Chihli,  No.  18258;  Tschang-ping-tsu,  Chihli,  No.  18259;  Sachon, 
bhli,  No.  17861;  Chefoo,  Shantung,  Noe.  22536,  22537,  22538;  Boehan,  Shantung,  No. 
M;  Chungking,  Szechwan,  Noe.  23522,  23523;  Ningyuenfu,  Szechwan,  Noe. 
1544,23545,  23646;  Yachow,  Szechwan,  Nos.  25437,  25438;  Soochow,  Kiangeu,  Noe. 
par,  24180,  24181,  24182,  24183,  24184,  25133,  25134,  25135,  25136,  25137,  25138; 
Luigfaai,  Kiangeu,  Noe.  14952,  14953, 14954,  18619,  22311,  22312,  22927,  23205,  23336, 
tS37,  23338;  Chinhuafu,  near  Shanghai,  Noe.  20797,  20798,  23232;  Chin-kiang, 
an^,  Noe.  8584,  8586;  Chinhua,  Kiangsu,  No.  9344;  Tangei,  Chekiang,  Noe.  23208, 
1209,23211;  Taichow,  Chekiang,  Noe.  23296, 23297;  Hangchow,  Chekiang,  Noe.  16789, 
fno,  22498,  22499,  22500,  22501,  22644,  22645,  22646,  23212,  23213;  Hankow,  Hupeh, 

t6556,  6558,  6559,  6560,  6561;  Wuchang,  Hupeh,  Noe.  2869,  2870,  2871,  2872; 
hung,  Fukien,  Noe.  22920,  22921,  22922;  Ingang,  Fukien,  No.  27499;  Swatow, 
(nngtung.  No.  22886;  Canton,  Kwangtung,  Nos.  22379,  22380,  23325,  23326,  23327; 
loDgkong,  Kwangtung,  Noe.  22406,  22407;  Sheklung,  Kwangtung,  Noe.  22633,  22634; 
Kntse,  Anhwei,  No.  23299;  Weiheien,  Shantung,  Noe.  22534,  22535. 

FORMOSA. 

Tkihoku,  Noe.  24641,  24642,  24643. 

COCHIN  CHINA. 

Saigon,  No.  22714. 

INDIA. 

Bujiling,  Aeeam,  Noe.  24673,  24674;  Pithoragarh,  Kumaon  District,  No.  25118; 
ttusi  Hills,  Aseam,  No.  24672;  Safipur,  Unao,  U.  P.,  No.  24675;  Hasangani,  Unao, 
r.P.,  No.  24676;  Ranjitpurwa,  Unao,  U.  P.,  No.  24677;  Etawah,  U.  P.,  Nos.  24678, 
»79, 24680,  24683,  24684,  24685,  24686;  Mainpuri,  U.  P.,  Nos.  24681,  24682;  United 
^ncee,  No.  24687;  Cawnpore,  U.  P.,  Noe.  24688,  24689;  Dehra  Dun,  U.  P.,  No. 
tt90;  Poona,  Bombay,  but  grown  there  from  Japanese  seed,  Nos.  24693,  24694, 
IWo,  24696,  24697,  24698,  24699,  24700,  24701,  24702,  24703,  24704,  24705,  24706, 
WW,  24708,  24709,  24710,  24711. 

JAVA. 

Buitenzoig,  No.  21946. 

CELEBES. 

MicMBar,  Celebee,  No.  5517. 
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DESntABLE  CHA&ACTEBS  IN  SOY-BEAN  VABIETIBS. 
CONSIDERATIONS   GOVERNING   CHOICE. 

The  determination  of  the  best  variety  of  soy  bean  for  any  locality 
will  depend  first  on  whether  it  is  grown  primarily  for  hay  or  for 
grain^  or  for  both  purposes.  In  this,  as  with  other  crops,  yield  is 
tlie  most  valuable  single  desideratum.  Secondary  considerations  of 
importance  are  habit  of  the  plant,  degree  of  coarseness,  ability  to 
retain  the  foliage,  color  of  seed,  and  ease  of  shattering. 

HABIT  OF  THE   PLANT. 

Erectness  of  stem  with  upright  or  ascending  branches  is  a  prime 
requisite  of  a  desirable  variety.  A  tall  habit  is  also  important,  as 
dwarf  varieties  usually  bear  pods  very  close  to  the  ground,  so  that 
many  will  be  left  on  the  stubble,  which  is  not  the  case  in  many  tall 
sorts. 

COARSENESS. 

An  objection  to  some  varieties  of  soy  beans  is  the  coarse,  woody 
stem  which  makes  mowing  difficult.  There  are  many  slender  varie- 
ties where  this  objection  does  not  hold,  but  slenderness  is  usually 
accompanied  with  small  pods  and  seeds,  and  often  with  vining  tips 
and  a  tendency  to  lodge.  Unless  there  is  lodging,  such  varieties  are 
easily  mown. 

ABILITY   TO   RETAIN   LEAVES. 

Nearly  all  soy  beans  begin  to  shed  their  leaves  as  the  pods  ripen. 
There  are  a  number  of  exceptions  to  this,  like  the  Wisconsin  Black, 
where  the  leaves  remain  green  even  after  all  the  pods  are  mature. 
It  may  be  possible  to  combine  this  character  as  a  valuable  feature 
to  later  varieties  to  be  grown  both  for  hay  and  grain. 

COLOR   OF  THE   SEED. 

Yellow  or  green  seeds  are  preferable  to  darker  colors,  as  the  shat- 
tered seeds  are  more  easily  found  by  hogs  pasturing  the  field  or 
stubble. 

SHATTERING. 

When  grown  for  grain  alone,  shattering  is  a  serious  fault.  Some 
varieties,  like  Guelpli,  shatter  inordinately;  others,  like  Peking, 
scarcely  at  all;  while  most  varieties  shatter  somewhat,  especially 
during  changeable  weather,  if  not  harvested  when  ripe.  As  a  rule 
the  varieties  with  large  pods  and  seeds  shatter  much  worse  than 
those  with  small  pods  and  seeds.  In  a  few  varieties,  like  Brownie, 
the  seed  coats  break  badly  in  thrashing,  a  very  objectionable  character. 
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I 

j 

RESISTANCE  TO  DISEASE. 

In  sections  where  nematodes  and  cowpea  wilt  occur  most  soy- 
bean varieties  are  seriously  affected  by  both  these  diseases.  A  few 
rarieties,  however,  exhibit  considerable  resistance  to  these  diseases, 
ind  there  is  good  ground  to  believe  that  practically  immune  strains 
Ban  be  developed. 

NONFILLING  OF  PODS. 

In  Louisiana  and  the  southern  half  of  Alabama,  Mississippi,  and 
Georgia  late  varieties  of  soy  beans,  especially  the  Mammoth,  fre- 
quently fail  to  develop  seeds,  while  earlier  sorts  are  not  thus  affected, 
rhe  cause  for  this  has  not  been  determined.  At  Biloxi,  Miss.,  selec- 
tions of  No.  20797  fill  their  pods  perfectly,  so  that  there  is  little 
doubt  that  late  varieties  adapted  to  this  section  can  be  secured  or 
developed. 

SYNOPSIS  OF  THE  QBOTTPS. 

Bants  bufihy,  the  branches  without  tendency  to  twine,  the  terminals  rarely  elon- 
gated: 
Pods  medium  to  large,  crowded  or  scattered;  stems  coarse  to  medium .  Group  I 
Pods  small,  stem  rather  slender — 

Intemodes  short,  the  pods  crowded ;  medium  late II 

Intemodes  long,  the  pods  scattered;  very  late;  foliage  dark  green .  Ill 

Plants  more  or  leas  twining,  especially  the  long,  slender  terminals: 

Plants  erect  or  suberect,  slender,  the  intemodes  long;  pods  medium  to 

small IV 

Plants  procumbent,  rather  coarse;  pods  small ;  very  late V 

These  groups  merge  into  each  other  more  or  less,  but  in  a  general 
way  represent  fairly  distinct  types.  The  type  of  branching  is  the 
same  in  all,  the  differences  being  due  to  the  relative  development  of 
the  main  stem  and  the  lateral  branches. 

SYNOPSIS  OF  THE  VABIBTIES. 
GROUP   I. — 190   VARIETIES. 

Group  I  contains  far  more  than  half  of  the  varieties  of  soy  beans, 
including  all  the  best  known  ones,  such  as  Mammoth,  Hollybrook, 
Guelph,  and  Ito  San. 

Seeds  straw-yellow;  germ  yellow— 71  varkiies.—^iys.  14953,  14953  A,  14953  B,  16790 
D,  17257  E,  17262  B,  17268,  17268  A,  17269,  17269  D,  17270,  17271,  17273,  17275, 
17275  L, 17276,  17277,  17277  A,  17278,  17280,  17862  G,  18619,  19184  A,  19184  G,  19981, 
19981  A,  19984,  20011  A,  20406,  20406  i\  20407  B,  20892,  20892  A,  20893  A,  21079  IT, 
21080  K,  21754,  21825,  22312,  22318,  22318  A,  22335,  22379,  22406,  22498,  22503,  22504 
A,  22505,  22506,  22714,  22876,  22879,  22SS0,  22880  A,  22880  (\  22901,  22921  B,  22922, 
22922  A,  23207  B,  23209,  23292,  23296,  23303,  24181,  24672,  24672  B,  24695,  24840, 
25131,  27500. 
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Seedi  olive-yellow;  germ  yellow— 45  varieties. ~^os.  17251  A,  17253  C,  17254  C,  172G2 
17263,  17263  D,  17264,  17267,  17268  C,  17271  E,  17275  B,  17862  E,  19184  D,  19184  E 
19186,  19981  B,  19984  D,  19985,  19985  F,  19985  K,  19986,  20011,  20405,  20405  C,  20401 
E,  20798  C,  21079,  21079  D,  22381,  22381  B,  22504,  22507,  22537,  22644,  22544  B 
22644  C,  22645,  22646,  22874,  22898  A,  22920,  23207,  24183,  24839,  27501. 

Seeds  chromium  green;  germ  green — 17  varieties. — Nob.  17260, 17261, 17271  L,  17S52  N, 
17862  B,  18258  E,  20854,  21080,  21080  N,  22500,  22880  B,  22897,  23209  A,  23292  C, 
23296  A,  23303  A,  25437  A. 

Seeds  brown  to  olive;  germ  yellow — S8  varieties. — Noe.  17254  B,  17256, 17257,  17257  D, 
17257  G,  17258, 17258  A,  17260  B,  17263  C,  17277  C,  17277  D,  18258  N,  19186  C,  19984  A, 
19984  B,  20405  B,  20406  G,  20412  A,  20412  B,  21080  L,  21755,  22333,  22411  A,  22644  A, 
23229,  24610,  25130,  25437  C. 

Seeds  black;  germ  yellow— 18  varieties.— lios.  17251,  17252,  17252  C,  17253,  17254, 
17262  D,  17271  D,  20410,  22634,  23205,  23292  A,  23296  C,  23325,  23523,  23546,  24180, 
24682,  25468. 

Seeds  black;  germ  green— 7  varieties.— "Sos.  14952,  17255,  19184,  21079  A,  22336  A, 
23306,  25437  B. 

Seeds  bicolored;  germ  yellow— 4  varieties.— ^08.  20407,  20411,  23213  A,  23311  B. 

GROUP   II. — 4   VARIETIES. 

Group  II  consists  of  four  varieties  wliich  appear  very  promising  as 
grain  producers.  The  small  size  of  the  seeds  is  not  objectionable, 
but  on  the  contrary  advantageous  when  grown  for  grain  alone. 

Seeds  olive-yellow;  germ  yellow — 2  varieties. — Nos.  17852  E,  23312. 
Seeds  black;  germ  yellow — 2  varieties. — Nos.  17852  B,  23311  A. 

GROUP   III. — 3    VARIETIES. 

The  four  or  five  varieties  belonging  to  Group  III  have  a  very  dif- 
ferent appearance  from  other  soy  beans.  They  all  come  from  the 
valley  of  the  Yangtse,  and  are  said  to  be  grown  on  the  low-lying 
rice  fields  either  as  a  green  manure  or  for  fodder.  Their  marked 
leafinesS;  large  size,  and  slender  stems  make  them  especially  desirable 
for  hay.     They  are  too  late  to  mature  at  Washington. 

Seeds  brown  to  olive;  germ  yellow—  3  varieties. — Nos.  9344,  20798,  23336. 
Seeds  black;  germ  yellow— S  varieties.— ^o^.  6560,  20797,  23337. 
Seeds  bicolored;  germ  yellow — 2  varieties. — Nos.  6559,  23338. 

GROUP   IV. — 76   VARIETIES. 

Group  IV  is  the  second  largest  group  and  includes  the  most  impor- 
tant Manchurian  varieties.  From  the  standpoint  of  seed  production, 
they  promise  to  be  superior  to  Group  I  because  of  their  relatively 
slender  stems,  permitting  easy  mowing,  and  their  smaller  pods  and 
seeds,  which  shatter  less  easily.  They  can  also  be  planted  more 
closely  because  they  are  less  bushy. 

Seeds  straw-yellow;  germ  yellow— 25  varieties.— ^08.  14954,  16789,  16789  A,  16789  B, 
17272,  17277  E,  17862,  17862  0,  17862  F,  18258, 18258  A,  19186  F,  22534,  22921,  22921  A, 
23208,  23213,  23297  B,  24184,  25133,  25134,  25134  A,  25437,  25438  B,  27499. 
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Seeds  oHve^Uow;  germ  yellow— 8  varieties.— ^ob.  17857  B,  19183  B,  19184  C,  20798  E, 
21999  C,  21999  D,  22633, 22920  A. 

Seeds  chromium  green;  germ  green— 7  varieties.— ^os.  17857,  18258  D,  23311,  25135, 
25438, 25438  A,  27498. 

Seeds  brown  to  olive;  germ  yeUow—lt  varieties.— ^oe.  17852  C,  19186  D,  20409,  20412, 
21999  B,  23211,  23232,  23292  B,  23297  A,  23299,  24672  A,  25136. 

Seeds  black;  germ  yellow— 16  varieties.— Nob,  16790,  16790  B,  17852  D,  17852  R, 
17861, 18227, 18259, 19183, 19186  B,  22538,  22899,  22899  A,  22919,  23291,  23297,  23338  B. 

Seeds  black;  germ  green-^  varieties.— JHob.  22380,  22407,  22501,  22900,  22927. 

Seedsbicolored;  germ  yelloiD—S  varieties.— Noa.  17852,  21999,  23299. 

GROUP  V. — 7  VARIETIES. 

The  varieti^  included  in  Group  V  are  mostly  from  India,  but  the 
wUd  soy  bean  of  China  and  Japan  is  also  included.  All  form  tangled 
masses  of  vines,  difficult  to  mow,  but  perhaps  of  use  as  green  manure 
and  pasture  crops. 

Seeds  straw^ellow;  germ  yellow — 1  variety. — ^No.  24674. 

Seeds  brown  to  olive;  germ  yellow — 1  variety. — No.  24673. 

Seeds  shining  black;  germ  yellow— S  varieties.— Ti^OB.  24642,  24675,  25137. 

Seeds  dull  black,  very  small;  germ  yellow — 1  variety. — No.  22428. 

Seeds  bioohred;  germ  yellow — 1  variety. — No.  25118. 

CATALOOX7E  OF  SOY-BEAN  VAKIETIES. 

The  following  is  a  complete  list  of  soy  beans  imported  by  the 
United  States  Department  of  Agriculture,  arranged  chronologically 
in  accordance  with  the  serial  numbers  (S.  P.  I.  numbers)  assigned  to 
them  by  the  Office  of  Foreign  Seed  and  Plant  Introduction: 


480. 

647. 

648. 

649. 

650. 

651. 

652. 

653. 

654. 

655. 

656. 
1492. 
1493. 
2156. 
2869. 

2870, 

2871. 

2872. 
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From   South  Usuri,  Siberia, 

notes. 
fVom  Tokyo,  Japan,  1898. 
Prom  Tokyo,  Japan,  1898. 
From  Tokyo,  Japan,  1898. 
From  Tokyo,  Japan,  1898. 
From  Tokyo,  Japan,  1898. 
From  Tokyo,  Japan,  1898. 
From  Tokyo,  Japan,  1898. 
From  Tokyo,  Japan,  1898. 
From  Tokyo,  Japan,  1898. 
From  Tokyo,  Japan,  1898. 


1898.    Seeds    yellow.    Insufficient  varietal 


Insufficient  varietal  notes. 
Insufficient  varietal  notes. 
Insufficient  varietal  notes. 
Insufficient  varietal  notes. 
Insufficient  varietal  notes. 
Insufficient  varietal  notes. 
Insufficient  varietal  notes. 
Insufficient  varietal  notes. 
Insufficient  varietal  notes. 


Insufficient  varietal  notes. 
From  France,  1898.    Seed  brown.    Insufficient  varietal  notes. 
From  France,  1898.    Seed  black.    Insufficient  varietal  notes. 
From  France,  1898.     "Yellow  Etampes. "    See  17268. 
From  Wuchang,  Hupeh,  China,  1899.    Seeds  yellow. 

notes. 
From  Wuchang,  Hupeh,  China,  1899. 

notes. 
From  Wuchang,  Hupeh,  China,  1899. 

notes. 
From  Wuchang,  Hupeh,  China,  1899. 

notes. 


Seeds  green. 
Seeds  green. 
Seeds  green. 


Insufficient  varietal 


Insufficient  varietal 


Insufficient  varietal 


Insufficient  varieb' 
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386d.  From  China,  1899.    Insufficient  varietal  notes. 
3870.  From  China,  1899.    See  17272. 

3884.  From  Honolulu,  1899.    Seeds  yellow.    Insufficient  varietal  notes. 

3885.  From  Honolulu,  1899.    Seeds  black.    Insufficient  varietal  notes. 

3886.  From  Honolulu,  1899.    Seeds  green.    Insufficient  varietal  notes. 
4286.  From  Richmond,  Va.,  1900.     "Mammoth."    See  17280. 

4628.  From  Amherst,  Mass.,  1900.     "Medium  Green."    See  17261. 

4912.  From  Japan.    See  17270. 

4913.  From  Japan.    See  12400. 

4914.  From  Japan.    See  17266. 

4980.  From  Yokohama,  Japan.    Insufficient  varietal  notes. 

5039.  From  Paris,  France.    See  25468. 

5517.  From  Macassar,  Celebes.    Insufficient  varietal  notes. 

5764.  Grown  from  4912.    See  17270. 

5765.  Grown  from  4913.    See  12400. 

5766.  Grown  from  4914.    See  17266. 

6312.  From  Tokyo,  Japan,  1901.  See  17252. 

6314.  From  Tokyo,  Japan,  1901.  See  17262. 

6326.  From  Tokyo,  Japan,  1901.  See  17268. 

6333.  From  Tokyo,  Japan,  1901.  See  17277. 

6334.  From  Tokyo,  Japan,  1901.  See  9412. 

6335.  From  Tokyo,  Japan,  1901.  See  17267. 

6336.  From  Tokyo,  Japan,  1901.  See  9413. 
6379.  Grown  from  3870.    See  17272. 

6386.  From  Pingyang,  Korea,  1901.    See  17254. 

6396.  From  Pingyang,  Korea,  1901.    See  17271. 

6397.  From  Pingyang,  Korea,  1901.    See  17263. 

6414.  From  Pingyang,  Korea,  1901.    See  17256  and  22333. 
6416.  From  Pingyang,  Korea,  1901.    See  17253. 
6556.  From  centaal  China.    See  17269. 

6558.  From  Hankow,  Hupeh,  China.    See  17261. 

6559.  Fankow.    From  near  Hankow,  Hupeh,  China,  1901.    Plants  slender,  erect, 

very  leafy;  height  36  to  42  inches;  very  late;  pubescence  tawny;  floweiB 
purple;  pods  scattered;  seeds  brown,  more  or  less  banded  with  black, 
medium  small,  oblong,  flattened;  hilum  brown;  germ  yellow.  This 
variety  is  almoet  identical  with  the  following,  except  for  the  color  of  the 
seed. 

6560.  Riceland.    From  near  Hankow,  Hupeh,  China.    Plants  slender,  erect,  very 

leafy;  height  36  to  60  inches;  very  late;  pubescence  tawny;  flowers  pur- 
ple; pods  scattered;  seeds  black,  oblong,  small,  flattened;  hilum  pale; 
germ  yellow.  This  ip  very  similar  to  20797,  but  has  smaller  seeds.  The 
stock  haa  been  lost. 

6561.  From  near  Hankow,  Hupeh,   China.     Seeds  small,   black,  short,  oblong; 

medium  small;  hilum  pale;  germ  yellow.    Apparently  it  was  never  grown. 

8422.  From  Yokohama,  Japan.     See  17274. 

8423.  From  Yokohama,  Japan.    See  17265. 

8424.  From  Yokohama,  Japan.     See  17264. 

8489.  Grown  from  6314.  See  17262. 

8490.  Grown  from  6333.  See  17277. 

8491.  Grown  from  6334.  See  9412. 

8492.  Grown  from  6386.  See  17254. 

8493.  Grown  from  6396.  See  17271.  '   '    • 

8494.  Grown  from  6336.  See  9413. 
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8495.  Grown  from  6397.    See  17263. 

3496.  Gro¥m  from  6416.    See  17253. 

3497.  Grown  from  6312.    See  17252. 

3584.  From  Ohin-kiang,  Kiangsu,  China.  Insufficient  varietal  notes. 
3586.  From  Chin-kiang,  Kiangsu,  China.  Insufficient  varietal  notes. 
3900.  From  Anjo,  Japan.    Insufficient  varietal  notes. 

9344.  From  Chin-hua,  Kiangsu,  China.    The  seed  of  this  did  not  germinate.    It  is 
almost  certainly  the  same  as  No.  23336. 

9407.  Grown  from  4912.    See  17270. 

9408.  Grown  from  4913.    See  12400. 

9409.  Grown  from  4914.    See  17266. 

9410.  Growh  from  6312.    See  17252. 

9411.  Grown  from  6333.    See  17277. 

9412.  Grown  from  6334.    According  to  Ball,  indistinguishable  from  several  other 

lots,  all  of  which  were  united  as  17251,  which  see. 

9413.  Grown  from  6336.    According  to  Ball,  identical  with  12400,  the  two  being 

united  as  No.  17275,  which  see. 

9414.  Grown  from  6386.  See  17254. 

9415.  Grown  from  6396.  See  17271. 

9416.  Grown  from  6397.  See  17263. 

9417.  Grown  from  6414.  See  17256. 
9417  A.  Grown  from  6414.  See  22333. 

9418.  Grown  from  6416.  See  17253. 

11179.  Origin  lost.    Same  as  17251. 

11180.  Origin  lost.    Insufficient  varietal  notes. 
12399.  Grown  from  9407.    See  17270. 

>  12400.  Grown -from  9408.  According  to  Ball,  this  proved  identical  with  9413,  the 
seed  of  these  two  numbers  being  united  as  No.  17275,  which  see. 

13502.  Offemaw.    From  West  Branch,  Mich.    See  17258. 

13503.  Guelph.    Grown  at  Arlington  Experimental  Farm  from  seed  from  Thorbum 

&  Co.    See  17261. 

14952.  Shanghai.    From  Shanghai,  China,  1905.    Erect,  stout,  bushy;  height  30  to 

36  inches;  late;  pubescence  tawny;  flowers  both  purple  and  white;  pods 
laige,  2}  to  2}  inches  long,  tumid,  scattered,  shattering  little;  seeds  black, 
laige,  8  to  8^  mm.  long,  elliptical;  hilum  pale;  germ  green.  Grown  five 
seasons.    No.  22311,  also  from  Shanghai,  proved  to  be  the  same. 

14953.  Edward,    From  Shanghai,  China,  1905.    Plants  stout,  erect,  bushy;  height 

36  to  42  inches;  very  late;  pubescence  gray;  flowers  purple;  pods  large, 
2  to  2}  inches,  compressed,  scattered,  shattering  little;  seeds  straw-yellow, 
large,  8  to  9  mm',  long,  elliptical,  slightly  flattened;  hilum  brown;  germ 
yellow.    Grown  five  seasons. 

14953  A.  A  field  selection  in  1907.  Plants  stout,  erect,  bushy;  height  30  to  36  inches; 
late;  pubescence  tawny;  flowers  purple;  pods  large,  2  to  2^  inches  long, 
compressed,  half  crowded,  shattering  little;  seeds  straw-yellow,  laige,  8J 
to  9  mm.  long,  elliptical,  slightly  flattened;  hilum  seal-brown;  germ 
yellow.    Grown  two  seasons. 

14953  B.  A  field  selection  in  1907.  Plants  stout,  erect,  bushy;  height  30  to  40  inches; 
very  late;  pubescence  gray;  flowers  purple;  pods  large,  2\  to  2\  inches 
long,  tumid,  scattered,  shattering  little;  seeds  straw-yellow,  large,  8  to 
8)  mm.  long,  elliptical,  much  flattened  j  hilum  seal-brown;  germ  yellow, 
^rown  two  seasona 

197 


42         THE  SOY  BEAN ;  HISTORY,  VARIETIES,  AND  FIELD  STUDIES. 

14954.  Acme.  From  Shanghai,  China,  1905.  Plants  slender,  erect,  the  tipe  twin- 
ing; height  36  to  42  inches;  late;  pubescence  gray  (50  per  cent)  and 
tawny  (50  per  cent);  flowers  both  purple  and  white;  pods  medium-aized, 
1}  tol}  incheblong,  compressed,  scattered,  shattering  little;  seeds  stzaw- 
yellow,  small,  6}  to  7  mm.  long,  elliptical,  slightly  flattened;  hilum  seal- 
brown;  germ  yellow.    Grown  five  seasons. 

15887.  From  Ghekiang  Province,  China.  Indistinguishable  from  Riceland,  20797. 
Grown  in  1907. 

16789.  Brooks.    From  Hangchow,  Chekiang,  China,  1905.    Plants  slender,  erect, 

the  tips  twining;  height  36  to 42  inches;  medium  late;  pubescence  gray; 
flowers  both  purple  and  white;  pods  medium-sized,  1}  to  2  inches  long, 
tumid,  scattered,  shattering  little;  seeds  straw-yellow,  medium-sized,  7} 
to  8  mm.  long,  elliptical,  slightly  flattened;  hilum  light  to  dark  brown; 
germ  yellow.  Grown  four  seasons.  This  is  said  to  be  the  bean-cake  bean 
grown  so  extensively  in  the  Manchurian  provinces  and  is  a  most  valuable 
crop. 
16789  A.  Flava.  A  field  mass  selection  in  1907.  Plants  slender,  erect,  the  tipe 
twining;  height  28  to  34  inches;  medium  late;  pubescence  tawny;  flowers 
both  purple  and  white;  pods  medium-sized,  1|  to  2  inches  long,  com- 
pressed, half  crowded,  shattering  little;  seeds  straw-yellow,  medium- 
sized,  8  to  8)  mm.  long,  elliptical,  slightly  flattened;  hilum  pale;  germ 
yellow.    Grown  two  seasons. 

16789  B.  A  field  mass  selection  in  1907.    Plants  slender,  erect,  the  tips  twining; 

height  36  to  42  inches;  late;  pubescence  tawny;  flowers  both  purple  and 
white;  pods  medium-sized,  1}  to  2  inches  long,  tumid,  scattered,  shat- 
tering little;  seeds  straw-yellow,  medium  lai^ge,  8  to  8^  mm.  long,  ellip- 
tical, slightly  flattened;  hilum  light;  germ  yellow.    Grown  two  seasons. 

16790.  Cloud.    From  Hangchow,  Chekiang,  China,  1905.    Plants  slender,  erect, 

the  tips  twining;  height  34  to  40  inches;  medium  late;  pubescence  both 
gray  and  tawny;  flowers  both  purple  and  white;  pods  medium-sized,  1} 
to  If  inches  long,  compressed,  scattered,  shattering  little;  seeds  black, 
medium  small,  7  to  7}  mm.  long,  oblong,  much  flattened;  hilum  pale; 
germ  yellow.  Grown  four  seasons.  This  variety  in  said  to  be  an  excel- 
lent table  bean.     No.  22535,  from  Weihsien,  China,  is  the  same  thing. 

16790  B.  A  field  mass  selection  in  1907.     Plants  erect,  the  tips  twining;  height  48 

to  52  inches;  medium  late;  pubescence  gray  (10  per  cent)  and  tawny 
(90  per  cent);  flowers  both  purple  and  white;  pods  medium-sized,  1|  to 
1}  inches  long,  compressed,  scattered,  shattering  little;  seeds  dull  black, 
medium-sizdd,  8  to  8}  mm.  long,  oblong,  much  flattened;  hilum  seal- 
brown;  germ  yellow.  Grown  two  seasons. 
16790  D.  A  pure  field  selection  in  1907.  Plants  erect,  stout,  bushy;  height  20  to  24 
inches;  medium  late;  pubescence  gray;  flowers  purple;  pods  medium- 
Hized,  1}  to  1}  inches  long,  tumid,  crowded,  shattering  little;  seeds  straw- 
yellow,  medium-sized,  7^  to  8  mm.  long,  elliptical,  slightly  flattened; 
hilum  pale;  germ  yellow.  Grown  two  seasons. 
17251.  Buckshot.  Plants  stout,  erect,  bushy;  height  14  to  18  inches;  early;  pubes- 
cence tawny;  flowers  white;  pods  medium  to  large,  1}  to  2  inches  long, 
crowded,  shattering  little;  seeds  black,  large,  8  to  8}  mm.  long,  elliptical, 
slightly  flattened;  hilum  pale;  germ  yellow.  Grown  eight  seasons. 
Buckshot  has  been  on  the  market  for  a  number  of  years  and  sold  as 
Black,  Early  Black,  Medium  Early  Black,  Extra  Early  Black,  Laige 
Black,  etc.  No.  17251  is  composed  of  the  progeny  of  6334  combined 
with  variouH  other  lots.  See  page  29.  Nos.  19987  and  22883  from  Japan 
are  very  closely  similar,  if  not  identical. 
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17251  A.  A  pure  field  selection  in  1907.    Plants  stout,  erect,  bushy;  height  20  to  24 

inches;  medium;  pubescence  tawny;  flowers  purple;  pods  laige,  1}  to  2 
inches  long,  tumid,  half  crowded,  shattering  little;  seeds  olive-yellow, 
medium  large,  7^  to  8  mm.  long,  elliptical,  slightly  flattened;  hilum 
black;  germ  yellow.    Grown  two  s^Etsons. 

17252.  Flat  King.    The  progeny  of  6312  from  Tokyo,  Japan,  1901.    Plants  stout, 

erect,  bushy;  height  24  to  30  inches;  late;  pubescence  tawny;  flowers 
white;  pods  large,  2}  to  2}  inches  long,  compressed,  half  crowded,  shat- 
tering little;  seeds  black,  large,  11  to  11^  mm.  long,  elliptical,  much  flat- 
tened; hilum  pale;  germ  yellow.  Grown  nine  seasons.  This  variety 
was  also  obtained  from  Yokohama,  Japan,  No.  19982,  and  again  from 
Tokyo,  No.  22875. 

17252  C.  A  field  mass  selection  in  1907.    Plants  stout,  erect,  bushy;  height  30  to  36 

inches;  late;  pubescence  tawny;  flowers  both  purple  and  white;  pods 
medium-sized,  1}  to  If  inches  long,  tumid,  half  crowded,  shattering 
little;  seeds  black,  medium  small,  6  to  6}  mm.  long,  elliptical,  slightly 
flattened;  hilum  pale;  germ  yellow.    Grown  two  seasons. 

17253.  NuUall,    The  progeny  of  6416  from  Pingyang,  Korea,  1901.    Plants  stout, 

erect,  bushy;  height  18  to  24  inches;  medium;  pubescence  tawny;  flowers 
white;  pods  medium  large,  1}  to  2}  inches  long,  crowded,  shattering  little; 
seeds  black,  medium-sized,  7}  to  8  mm.  long,  elliptical,  slightly  flattened; 
hilum  pale;  germ  yellow.  Grown  nine  seasons.  No.  22334  is  undoubt- 
edly the  progeny  of  17253  as  shown  by  records. 

17253  C.  A  field  mass  selection  in  1907.    Plants  stout,  erect,  bushy;  height  12  to  16 

inches;  medium  late;  pubescence  tawny;  flowers  both  purple  and  white; 
pods  medium  large,  2  to  2^  inches  long,  tumid,  half  crowded,  shatter- 
ing moderately;  seeds  olive-yellow,  medium-sized,  7^  to  8  mm.  long, 
oval;  hilum  black;  germ  yellow.    Grown  two  seasons. 

17254.  Ebony.    The  progeny  of  6386  from  Pingyang,  Korea,  1901.    Plants  stout, 

erect,  bushy;  height  22  to  26  inches;  medium  late;  pubescence  tawny; 
flowers  purple;  pods  medium-sized,  IJ  to  1|  inches  long,  half  crowded, 
shattering  moderately;  seeds  black,  mediimi  small,  7  to  7^  mm.  long, 
oblong,  much  flattened;  hilum  pale;  germ  yellow.  Grown  nine  seasons. 
This  variety  was  also  received  from  Swatow,  China,  1908  (S.  P.  I.  No. 
22886).  Ebony  has  proved  a  valuable  variety  in  southern  Illinois  and 
especially  through  the  work  of  Mr.  Ralph  Allen,  of  Delavan,  111.,  has 
become  well  known  as  No.  9414  and  also  as  ^' Black  Beauty.'' 

17254  B.  A  pure  field  selection  in  1907.    Plants  stout,  erect,  bushy;  height  32  to  36 

inches;  medium  late;  pubescence  gray;  flowers  purple;  pods  medium- 
sized,  1^  to  1^  inches  long,  tumid,  half  crowded,  shattering  little;  seeds 
cinnamon  brown,  small,  5}  to  6  mm.  long,  subgloboee;  hilum  pale;  germ 
yellow.  Grown  two  seasons. 
17254  C.  A  pure  field  selection  in  1907.  Plants  stout,  erect,  bushy;  height  20  to  26 
inches;  medium;  pubescence  tawny;  flowers  purple;  pods  medium- 
sized,  IJ  to  1}  inches  long,  compressed,  half  crowded,  shattering  moder- 
ately; seeds  olive-yellow,  medium-sized,  7 J  to  8  mm.  long,  elliptical, 
much  flattened;  hilum  clove-brown;  germ  yellow.    Grown  two  seasons. 

17255.  Kingston.    "JapaneseNumber  15 "from  Rhode  Island  Agricultural  Experi- 

ment Station,  originally  from  Japan.  Plants  stout,  bushy,  erect;  height 
16  to  22  inches;  medium  late;  pubescence  tawny;  flowers  white;  pods 
small,  1}  to  H  inches  long,  tumid,  crowded,  shattering  little;  seeds 
black,  small,  5)  to  6  mm.  long,  subglobose;  hilum  pale;  germ  green. 
Grown  nine  seasons.  See  also  page  31. 
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17256.  Brownie.    The  progeny  of  6414  from  Pingyang,  Korea,  1901.     Plants  etoiit, 

erect,  bushy;  height  20  to  30  inches;  medium  late;  pubescence  gray; 
flowers  purple;  pods  small,  1^  to  1}  inches  long,  tumid,  crowded,  sbatter- 
ing  little;  seeds  cinnamon  brown,  small,  5  to  5}  mm.  long,  subgiobose; 
hilum  pale;  germ  yellow.    Grown  nine  seasons. 

17256  A.  Baird.    See  22333. 

17257.  Eda.    From  Rhode  Island  Agricultural  Experiment  Station,   1903,  but 

originally  introduced  by  the  Kansas  Agricultural  Experiment  Station  in 
1890  as  YaTnagata  Cha-detidzu.  Plants  stout,  erect,  bushy;  height  14  to 
20  inches;  medium;  pubescence  tawny;  flowers  white;  pods  medium- 
sized,  1}  to  2  inches  long,  tumid,  half  crowded,  shattering  moderatelT; 
seeds  deep  brown,  laige,  8}  to  9  mm.  long,  elliptical,  much  flattened; 
hilum  pale;  germ  yellow.    Grown  nine  seasons.    See  also  page  31. 

17257  D.  A  field  mass  selection  in  1907.    Plants  stout,  erect,  bushy;  height  20  to  26 

inches;  medium;  pubescence  tawny;  flowers  both  purple  and  white; 
pods  medium  small,  1}  to  1}  inches  long,  tumid,  half  crowded,  shatter- 
ing moderately;  seeds  seal-brown,  medium-sized,  6}  to  7  mm.  long^ 
elliptical,  slightly  flattened;  hilum  pale;  germ  yellow.  Grown  tvo 
seasons. 
17257  E.  A  field  mass  selection  in  1907.  Plants  stout,  erect,  bushy;  height  18  to  22 
inches;  medium;  pubescence  tawny;  flowers  both  purple  and  white; 
pods  medium-sized,  1}  to  1}  inches  long,  tumid,  half  crowded,  shatter- 
ing moderately;  seeds  straw-yellow,  medium-sized,  8  to  8^  mm.  long, 
elliptical,  slightly  flattened;  hilum  dark  brown;  germ  yellow.  Grown 
two  seasons. 

17257  G.  A  field  mass  selection  in  1907.     Plants  stout,  erect,  bushy;  height  20  to  26 

inches;  medium  late;  pubescence  gray;  flowers  both  purple  and  white; 
pods  medium-sized,  1^  to  1}  inches  long,  tumid,  half  crowded,  shattering 
little;  seeds  buff,  medium-sized,  6  to  6^  mm.  long,  elliptical,  slightly 
flattened;  hilum  pale;  germ  yellow.    Grown  two  seasons. 

17258.  Ogemaw.    The  progeny  of  13602  from  E.  E.  Evans,  West  Branch,  Mich., 

1904.  Plants  stout,  erect,  bushy;  height  18  to  22  inches;  medium;  pubes- 
cence tawny;  flowers  white;  pods  large,  2  to  2^  inches  long,  tumid, 
crowded,  shattering  badly;  seeds  deep  brown,  large,  8^  to  9  mm.  long, 
elliptical,  much  flattened;  hilum  pale;  germ  yellow.  Compare  also  page 
31  and  see  notes  under  Nos.  21755  and  25212. 

17258  A.  A  pure  field  selection  in  1907.     Plants  stout,  erect,  bushy;  height  20  to  24 

inches;  medium  early;  pubescence  gray;  flowers  white;  pods  medium- 
sized,  If  to  2  inches  long,  tumid,  half  crowded,  shattering  little;  seede 
buff-brown,  medium-sized,  7  to  7^  mm.  long,  elliptical,  slightly  flattened; 
hilum  pale;  germ  yellow.  Grown  two  seasons. 
17260.  Samarow.  From  J.  M.  Thorburn  &  Co.,  1902.  Plants  stout,  erect,  bushv; 
height  15  to  18  inches;  medium;  pubescence  gray;  flowers  purple;  p<xl^ 
medium-sized,  1}  to  1|  inches  long,  tumid,  half  crowded,  shattering 
little;  seeds  chromium  green,  medium-sized,  7  to  7 J  mm.  long,  elliptical, 
much  flattened;  hilum  brown;  germ  green.  Grown  nine  seasons.  This 
variety  has  not  occurred  in  any  of  our  Asiatic  importations.  It  is  adver- 
tised under  the  same  name  by  German  and  Italian  seedsmen,  and  such 
an  importation,  No.  22411,  from  Italy,  proved  identical  with  17260.  See 
also  page  31. 
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17260  B.  A  pure  field  selection  in  1907.  Plants  stout,  erect,  bushy;  height  14  to  18 
inches;  medium;  pubescence  gray;  flowers  purple;  pods  medium  laige, 
2|  to  2}  inches  long,  compressed,  crowded,  shattering  moderately;  seeds 
clove  brown  to  almost  black,  medium-sized,  9  to  9^  mm.  long,  elliptical, 
much  flattened;  hilum  pale;  germ  yellow.    Grown  two  seasons. 

17261.  Guelph,    Prom  J.  M.  Thorburn  &  Ck).,  1902.    Plants  stout,  erect,  bushy; 

height  20  to  24  inches;  medium;  pubescence  tawny;  flowers  purple; 
pods  medium-sized,  1}  to  1}  inches  long,  tumid,  half  crowded,  shattering 
much;  seeds  chromium  green,  medium  to  medium  large,  7  to  8  mm.  long, 
elliptical,  slightly  flattened;  hilum  brown;  germ  green.  Grown  eight 
seasons.  This  variety  is  advertised  by  a  German  seedsman,  and  such  an 
importation,  No.  22320,  proved  identical  with  17261.  According  to  Ball, 
No  6558  from  Hankow,  China,  is  the  same  as  Guelph.    Compare  page  30. 

17262.  Yosho.    The  progeny  of  6314  from  Tokyo,  Japan,   1901.    Plants  stout, 

erect,  bushy;  height  22  to  26  inches;  medium;  pubescence  tawny;  flowers 
purple;  pods  medium-sized,  1}  to  2  inches  long,  tumid,  half  crowded, 
shattering  little;  seeds  olive-yellow,  large,  7}  to  8  mm.  long,  elliptical, 
slightly  flattened;  hilum  black;  germ  yellow.  Grown  nine  seasons. 
17262  B.  A  pure  field  selection  in  1907.  Plants  stout,  erect,  bushy;  height  10  to  14 
inches;  medium  early;  pubescence  tawny;  flowers  white;  pods  medium- 
sized,  1}  to  1}  inches  long,  tumid,  half  crowded,  shattering  little;  seeds 
straw-yellow,  medium-sized,  7  to  7^  mm.  long,  elliptical,  slightly  flat- 
tened; hilum  light  brown;  germ  yellow.    Grown  two  seasons. 

17262  D.  A  field  mass  selection  in  1907.    Plants  stout,  erect,  bushy;  height  18  to  24 

inches;  medium;  pubescence  tawny;  flowers  both  purple  and  white; 
pods  medium-sized.  If  to  2  inches  long,  tumid,  half  crowded,  shattering 
moderately;  seeds  black,  medium  large,  8  to  8^  mm.  long,  elliptical, 
much  flattened;  hilum  pale;  germ  yellow.    Grown  two  seasons. 

17263.  Austin.    The  progeny  of  6397  from  Pingyang,  Korea,  1901.    Plants  stout, 

erect,  bushy;  height  32  to  36  inches;  late;  pubescence  gray;  flowers  both 
purple  and  white;  pods  medium-sized,  1}  to  2  inches  long,  tumid,  half 
crowded,  shattering  little;  seeds  olive-yellow,  medium  large,  8  to  8) 
mm.  long,  elliptical,  slightly  flattened;  hilum  brown;  germ  yellow. 
Grown  nine  seasons.  This  variety  was  also  distributed  under  Agros- 
tology No.  1539. 

17263  G.  A  field  mass  selection  in  1907.     Plants  stout,  erect,  bushy;  height  30  to  34 

inches;  medium  late;  pubescence  gray;  flowers  both  purple  and  white; 
pods  medium-sized,  1}  to  1}  inches  long,  tumid,  half  crowded,  shattering 
little;  seeds  buff,  medium  small,  6^  to  7  mm.  long,  elliptical,  slightly 
flattened;  hilum  pale;  germ  yellow.    Grown  two  seasons. 

17264.  Tokyo.    The  progeny  of  8424  from  Tokyo,  Japan,  1901.    Plants  stout,  erect, 

bushy;  height  30  to  36  inches;  late;  pubescence  gray;  flowers  both  purple 
and  white;  pods  medium  large,  1^  to  2  inches  long,  tumid,  half  crowded, 
shattering  moderately;  seeds  olive-yellow,  medium-sized,  7 J  to  8  mm. 
long,  elliptical,  slightly  flattened;  hilum  pale;  germ  yellow.  Grown 
nine  seasons.  This  variety  was  also  obtained  from  Kobe,  Japan,  No. 
20893. 

17265.  The  progeny  of  8423  from  Yokohama,  Japan,  1902.    According  to  Ball  this 
•     proved  the  same  as  the  preceding  and  was  united  with  it. 

17266.  The  progeny  of  4914  from  Japan.    According  to  Ball  this  also  was  the  same 

as  Tokyo  17264  and  was  finally  united  with  it. 
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17267.  Hope.    The  progeny  of  6335  from  Tokyo,  Japan,  1901.    Plants  stout,  erect, 

bushy;  height  28  to  34  inches;  late;  pubescence  gray;  flowers  both  purpie 
and  white;  pods  medium  laige,  1}  to  2}  inches  long,  tumid,  half  crowded, 
shattering  little;  seeds  olive-yellow,  laige,  8  to  8}  mm.  long,  ellipticil, 
slightly  flattened;  hilum  pale;  germ  yellow.  Grown  nine  seasons.  No. 
22881,  also  from  Tokyo,  is  the  same  variety. 

17268.  /to  San,    Plants  stout,  erect,  bushy;  height  18  to  22  inches;  medium  in 

maturity;  pubescence  tawny;  flowers  purple;  pods  medium-sized,  1) 
to  1}  inches  long,  tumid,  half  crowded,  shattering  moderately;  seeda 
straw-yellow,  medium-sized,  74  to  8  mm.  long,  elliptical,  slightly  flat- 
tened; hilum  pale,  a  brown  speck  at  the  micropylar  end;  germ  yellov. 
Grown  nine  seasons. 

This  variety  )ias  also  been  known  as  ''Japan  Pea,"  "Coffee  Befry," 
"Early  Yellow,"  "Early  White,"  and  "  YeUow  Eda  Mame."  It  is  one 
of  the  earliest  importations,  very  probably  1850,  as  the  "Japan  Pea." 
The  Kansas  Agricultural  Experiment  Station  obtained  this  variety 
from  Japan  in  1890.  Only  one  European  importation  has  been  made, 
this  being  from  Vilmorin-Andrieu^  dc  Co.,  No.  21818,  who  advertise  the 
variety  as  "Yellow  Etampes."  See  also  page  28. 
17268  A.  A  field  mass  selection  in  1907.  Plants  stout,  erect,  bushy;  height  18  to  24 
inches;  medium  late;  pubescence  tawny;  flowers  both  purple  and 
white;  pods  medium-sized,  1}  to  If  inches  long,  tumid,  crowded, 
shattering  little;  seeds  straw-yellow,  medium-sized,  8  to  8^  mm.  long, 
elliptical,  slightly  flattened;  hilum  brown;  germ  yellow.  Grown  tiro 
seasons. 

17268  C.  A  field  mass  selection  in  1907.    Plants  stout,  erect,  bushy;  height  20  to  26 

inches;  medium;  pubescence  tawny;  flowers  both  purple  and  white; 
pods  medium-sized,  1^  to  If  inches  long,  compressed,  half  crowded, 
shattering  little;  seeds  olive-yellow,  medium-sized,  6^  to  7  mm.  long, 
elliptical,  much  flattened;  hilum  seal-brown;  germ  yellow.  Grown  tiro 
seasons. 

17269.  Medium  Yellow.    The  progeny  of  6556  from  central  China,  1901.    Plants 

stout,  erect,  bushy;  height  30  to  36  inches;  medium;  pubescence  tawny; 
flowers  both  purple  and  white;  pods  medium-sized,  1}  to  1}  inches 
long,  tumid,  half  crowded,  shattering  moderately;  seeds  straw-yellow, 
medium-sized,  7  to  7}  mm.  long,  elliptical,  slightly  flattened ;  hilum  pale; 
germ  yellow .  Grown  nine  seasons.  This  is  the  variety  grown  as  Medium 
Yellow  by  the  Tennessee  Agricultural  Experiment  Station. 

17269  D.  A  field  mass  selection  in  1907.    Plants  stout,  erect,  bushy;  height  24  to 

30  inches;  late;  pubescence  gray;  flowers  both  purple  and  white;  pod« 
medium-sized,  1}  to  1}  inches  long,  compressed,  crowded,  shattering 
little;  seeds  straw-yellow,  medium-sized,  7  to  7^  mm.  long,  elliptical, 
slightly  flattened;  hilum  light  brown;  germ  yellow.  Grown  twoseasonB. 
17270  The  progeny  of  4912  from  Japan  in  1900.  Other  nimibers  of  the  same  progeny 
are  12399,  9407,  and  5764.  Plants  stout,  erect,  bushy;  height  24  to  30 
inches;  medium;  pubescence  tawny;  flowers  purple;  pods  medium-eixed, 
If  to  2  inches  long,  tumid,  half  crowded,  shattering  moderately;  seeds 
straw-yellow,  medium-sized,  7  to  7J  mm.  long,  elliptical,  slightly  flat- 
tened; hilum  light  to  seal  brown;  germ  yellow.  Grown  nine  seasons. 
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17271.  Haberlandt,    The  progeny  of   6396  from  Pingyang,  Korea,  1901.    Plants 

stout,  erecti  bushy;  height  24  to  30  inches;  medium  late;  pubescence 
tawny;  flowers  both  purple  and  white;  pods  crowded,  medium-sized, 
1|  to  2  inches  long,  tumid,  shattering  little;  seeds  straw-yellow,  mediimi- 
dzed,  8  to  8)  mm.  long,  elliptical,  slightly  flattened;  hilum  brown;  germ 
yellow.    Grown  nine  seasons. 

17271  D.  A  pure  field  selection  in  1907.  Plants  stout,  erect,  bushy;  height  18  to  24 
inches;  medium  late;  pubescence  tawny;  flowers  white;  pods  medium- 
sized.  If  to  2  inches  long,  tumid,  half  crowded,  shattering  little;  seeds 
black,  medium-sized,  8  to  8}  mm.  long,  elliptical,  slightly  flattened; 
hilum  pale;  germ  yellow.    Grown  two  seasons. 

17271  L.  A  pure  field  selection  in  1908.  Plants  stout,  erect,  bushy;  height  16  to  20 
inches;  medium  early;  pubescence  tawny;  flowers  white;  pods  medium- 
sized,  1}  to  1}  inches  long,  tumid,  half  crowded,  shattering  little;  seeds 
chromium  green,  medium-sized,  7  to  7^  mm.  long,  elliptical,  much 
flattened;  hilum  black;  germ  green.    Grown  one  season. 

17272.  The  progeny  of  3870  from  China  in  1899.    Plants  slender,  erect,  the  tips 

twining;  height  32  to  36  inches;  medium  late;  pubescence  gray;  flowers 
white;  pods  medium-sized,  If  to  2  inches  long,  tumid,  half  crowded, 
shattering  little;  seeds  straw-yellow,  medium-sized,  6j^  to  7  mm.  long, 
elliptical,  much  flattened;  hilum  brown;  germ  yellow.  Grown  ten 
seasons.    Ball  included  this  variety  in  HoUybrook,  but  it  is  different. 

17273.  BuUarbaU.    From   the   Rhode   Island   Agricultural   Experiment  Station, 

1903,  originally  from  Japan.  Plants  stout,  erect,  bushy;  height  18  to  24 
inches;  medium;  pubescence  gray;  flowers  white;  pods  medium-sized, 
1^  to  2  inches  long,  tumid,  half  crowded,  shattering  little;  seeds  straw- 
yellow,  medium-sized,  7 J  to  8  mm.  long,  elliptical,  slightly  flattened; 
hilum  light  brown;  germ  yellow.  Grown  seven  seasons.  This  variety 
has  also  been  obtained  from  the  following  foreign  sources:  Dammann  & 
Co.,  Naples,  Italy,  No.  22415;  Tokyo,  Japan,  Nos.  22878  and  22884;  and 
Yokohama,  Japan,  No.  8422.    See  al.«o  page  30. 

17274.  The  progeny  of  8422  from  Yokohama,  Japan.     Identical  with  17273. 

17275.  Amherst.    The  united  progenies  of  4913  from  Japan,  1900,  and  6336  from 

Tokyo,  Japan,  1901.  Plants  stout,  erect,  bushy;  height  24  to  28  inches; 
mediumlate;  pubescence  tawny;  flowers  purple;  pods  medium-sized,  1  to 
1)  inches  long,  tumid,  crowded,  shattering  moderately ;  seeds  straw-yellow, 
medium-sized,  7  to  7)  mm.  long,  elliptical,  much  flattened;  hilum  dark 
brown;  germ  yellow.    Grown  nine  seasons. 

17275  B.  A  field  mass  selection  in  1907.  Plants  stout,  erect,  bushy;  height,  14  to  18 
inches;  medium  late;  pubescence  gray;  flowers  both  purple  and  white; 
pods  medium-sized,' 1^  to  If  inches  long,  compressed,  half  crowded, 
shattering  much;  seeds  olive-yellow,  medium-sized,  8  to  8 J  mm.  long, 
elliptical,  slightly^  flattened;  hilum  light  brown;  germ  yellow.  Grown 
two  seasons. 

17275  L.  A  field  mass  selection  in  1908.  Plants  stout,  erect,  bushy;  height,  14  to  18 
inches;  medium  early;  pubescence  gray;  flowers  both  purple  and  white; 
pods  medium-sized.  If  to  2  inches  long,  tumid,  crowded,  shattering  mod- 
erately; seeds  straw-yellow,  medium-sized,  7 J  to  8  mm.  long,  elliptical, 
slightly  flattened;  hilum  pale;  germ  yellow.    Grown  one  season. . 

17276.  The  progeny  of  Agrostology  No.  1299  from  Havre,  France.    Plants  stout, 

erect,  bushy;  height,  14  to  18  inches;  early;  pubescence  gray;  flowere 
white;  pods  medium-sized,  IJ  to  2  inches  long,  tumid,  half  crowded  and 
shattering  little;  seeds  straw-yellow,  medium  small,  7  to  7i  mm.  long, 
elliptical,  much  flattened;  hilum  light  to  seal-brown;  germ  yellow. 
Grown  eight  seasons. 
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17277.  Manhattan.    The  progeny  of  6333  from  Tokyo,  Japan.    Plants  stout,  erect, 

buflhy;  height,  14  to  18  inches;  medium  early;  pubescence  gray;  flowen 
white;  pods  medium  large,  1)  to  2  inches  long,  tumid,  crowded,  shatter- 
ing little;  seeds  straw-yellow,  medium  large,  8  to  8^  mm.  long,  elliptical 
much  flattened;  hilum  light  brown;  germ  yellow.    Grown  ten  seaeonB 

17277  A.  A  pure  field  selection  in  1907.  Plants  sUmt,  erect,  buahy;  height,  22  to  2( 
inches;  medium  late;  pubescence  tawny;  flowers  white;  pods  medium 
sized,  1}  to  2  inches  long,  compressed,  crowded,  shattering  little;  seed 
straw-yellow,  medium  large,  7}  to  8  mm.  long,  elliptical,  slightly  flat 
tened;  hilum  seal-brown;  germ  yellow.    Grown  two  seasons. 

17277  C.  A  pure  field  selection  in  1907.  Plants  stout,  erect,  bushy;  height  16  to  2( 
inches;  early;  j)ube8cence  tawny;  flowers  purple;  pods,  large,  1}  to  3 
inches  long,  compressed,  half  crowded,  shattering  little;  seeds  rai 
umber,  large,  8 J  to  9  mm.  long,  elliptical,  much  flattened,  hiliun  pale 
germ  yellow.    Grown  two  seasons. 

17277  D.  A  pure  field  selection  in  1907.  Plants  stout,  erect,  bushy;  height  14  to  2C 
inches;  medium;  pubescence  gray;  flowers  purple;  pods  medium-sized, 
1}  to  2  inches  long,  tumid,  half  crowded,  shattering  little;  seeds  cinna 
mon  brown,  medium-sized,  8^  to  9  mm.  long,  elliptical,  much  flattened 
hilum  p>ale;  germ  yellow.    Grown  two  seasons. 

17277  E.  A  pure  field  selection  in  1907.  Plants  slender,  erect,  the  tips  vining 
height  24  to  28  inches;  medium;  pubescence  gray;  flowers  white;  podi 
medium  small,  1^  to  1^  inches  long,  tumid,  half  crowded,  shatterint 
little;  seeds  straw-yellow,  medium  small,  6  to  6^  mm.  long,  elliptical, 
slightly  flattened;  hilum  light  brown;  germ  yellow.    Grown  two  seasona 

17278.  nollybrook.    From    Arkansas    Agricultural    Experiment    Station,     1901 

Plants  stout,  erect,  bushy;  height  24  to  30  inches;  late;  pubescence 
gray;  flowers  both  purple  and  white;  pods  medium-sized,  IJ  to  If  inchei 
long,  tumid,  crowded,  shattering  little;  seeds  straw-yellow,  small  U 
medium,  5}  to  6}  mm.  long,  elliptical,  slightly  flattened;  hilum  lig^< 
brown;  germ  yellow.  Grown  six  seasons.  This  variety  was  introduced 
by  Messrs.  T.  W.  Wood  &  Sons,  of  Richmond,  Va.,  originally  found  mixed 
in  Mammoth.    No.^.  17269,  17270,  17272,  and  17276  are  all  distinct. 

17280.  Mammoth.  A  combination  of  various  lots;  all  from  American  sources. 
Plants  stout,  erect,  .bushy;  height  36  to  42  inches;  late;  pubeseeDce 
gray;  flowers  white;  pods  medium-sized,  1}  to  1}  inches  long,  scattered, 
shattering  little;  seeds  straw-yellow,  medium  small,  6 J  to  7  mm.  lone, 
elliptical,  slightly  flattened;  hilum  brown;  germ  yellow.  Grown  ten 
seasons.  This  variety  has  also  been  grown  under  Nos.  4285,  25093,  and 
25162.  It  is  the  standard  commercial  late  variety,  more  extensively 
grown  at  present  than  any  other.     See  also  page  29. 

17520.  Hollyhrook.    From  Wood  &  Sons,  Richmond,  Va.    Same  as  17278. 

17852.  Meyer.  From  Peking,  Chihli,  China,  1906.  Plants  slender,  erect,  the  tipi 
twining;  height  32  to  38  inches;  late;  pubescence  tawny;  floweis 
purple;  pods  large,  2  to  2^  inches  long,  tumid,  scattered,  shattering  little; 
seeds  variable,  black  and  brown,  the  colors  usually  in  concentric  bands, 
large,  8)  to  9  mm.  long,  elliptical,  much  flattened;  hilimi  brown;  germ 
yellow.  Grown  four  seasons.  The  beans  of  this  variety  are  said  to  be 
roasted  and  sold  in  Peking  as  delicatessen. 
17852  B.  Peking.  A  pure  field  selection  in  1907.  Plants  slender,  erect;  height  32  to 
36  inches;  medium  late;  pubescence  tawny;  flowers  white;  pods  smaU, 
If  to  2  inches  long,  compressed,  shattering  little;  seeds  black,  meditui 
small,  7  to  7i  mm.  long,  oblong  or  nearly  so,  much  flattened;  hiltmi  pak; 
^erm  yellow.  Grown  two  seasous, 
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[7852  C.  A  field  maas  selection  in  1907.  Plants  slender,  erect,  the  tips  twining; 
height  24  to  30  inches;  medium  late;  pubescence  tawny;  flowers  both 
purple  and  white;  pods  medium-sized,  1}  to  If  inches  long,  compressed, 
half  crowded,  shattering  moderately;  seeds  olive-brown,  medium-sized, 
8  to  8}  mm.  long,  oblong,  much  flattened;  hilum  pale;  germ  yellow. 
Grown  two  seasons. 

7852  D.  A  pure  field  selection  in  1907.  Plants  slender,  suberect,  the  tips  twining; 
stems  42  to  52  inches;  medium  late;  pubescence  tawny;  flowers  purple; 
pods  medium-sized,  1}  to  2  inches  long,  compressed,  scattered,  shattering 
little;  seeds  black,  medium-sized,  7  to  7}  mm.  long,  elliptical,  much 
flattened;  hilum  pale;  germ  yellow.    Grown  two  seasons. 

7852  E.  A  field  mass  selection  in  1907.  Plants  slender,  erect;  height  24  to  30  inches; 
medium  late;  pubescence  gray;  flowers  both  purple  and  white;  pods 
small,  If  to  1}  inches  long,  tumid,  shattering  little;  seeds  olive-yellow, 
medium  small,  6^  to  7  mm.  long,  elliptical,  much  flattened;  hilum  light 
brown;  germ  yellow.    Grown  two  seasons. 

[7852  N.  A  field  mass  selection  in  1907.  Plants  stout,  erect,  bushy;  height  18  to  30 
inches;  medium  late;  pubescence  tawny;  flowers  purple;  pods  lai^e, 
2  to  2f  inches  long,  compressed,  half  crowded,  shattering  much;  seeds 
chromium  green,  large,  9}  to  10}  mm.  long,  broadly  elliptical,  much 
flattened;  hilum  slate-black;  germ  green.  Grown  two  seasons.  Except 
for  color  of  seed  this  is  identical  with  17252,  Flat  King. 

7852  R.  A  field  mass  selection  in  1907.  Plants  slender,  suberect,  the  tips  twining; 
stems  48  to  56  inches;  medium  late;  pubescence  gray  (10  per  cent)  and 
tawny  (90  per  cent);  flowers  both  purple  and  white;  pods  small.  If  to  1} 
inches  long,  compressed,  scattered,  shattering  moderately;  seeds  medium- 
sized,  8}  to  7  mm.  long,  oblong,  much  flattened;  hilum  pale;  germ 
yellow.  Grown  two  seasons. 
17857.  From  Shan-hai-kwan,  Chihli,  China,  1906.  Plants  slender,  erect,  the  tips 
twining;  height  28  to  32  inches;  medium  late;  pubescence  tawny; 
flowers  both  purple  and  white;  pods  medium  large,  2  to  2f  inches  long, 
compressed,  scattered,  shattering  little;  seeds  chromium  green,  medium- 
sized,  7  to  8  mm.  long,  elliptical,  slightly  flattened;  hilum  slate-black; 
germ  green.    Grown  four  seasons. 

17857  B.  A  field  mass  selectioir*in  1907.  Plants  slender,  erect,  the  tips  twining; 
height  30  to  36  inches;  late;  pubescence  tawny;  flowers  both  purple 
and  white;  pods  medium-sized,  If  to  2f  inches  long,  compressed,  scat- 
tered, shattering  moderately;  seeds  olive-yellow,  medium  small,  8  to  SJ 
mm.  long,  elliptical,  much  flattened;  hilum  black;  germ  yellow.  Grown 
two  seasons. 
17861.  Jei.  From  Sachon,  Chihli,  China,  1906.  Plants  slender,  erect,  the  tips 
twining;  height  36  to  48  inches;  medium  late;  pubescence  gray  (40  per 
cent)  and  tawny  (60  per  cent);  flowers  both  purple  and  white;  pods 
medium-sized,  1}  to  If  inches  long,  compressed,  scattered,  shattering 
moderately;  seeds  black,  medium  small,  7  to  7}  mm.  long,  elliptical, 
much  flattened;  hilum  pale;  germ  yellow.  Grown  four  seasons.  A 
variety  said  to  be  grown  for  fodder  and  considered  an  excellent  food  for 
stock. 
17882.  Sherwood.  From  Tientsin,  Chihli,  China,  1906.  Plants  slender,  erect,  the 
tips  twining;  height  24  to  26  inches;  medium  late;  pubescence  gray; 
flowers  both  purple  and  white;  pods  medium-sized,  1^  to  If  inches  long, 
tumid,  half  crowded,  shattering  little;  seeds  straw-yellow,  medium- 
sized,  7  to  7}  mm.  long,  elliptical,  slightly  flattened;  hilum  pale  or  light 
brown;  germ  yellow.  Grown  four  seasons.  This  variety  is  said  to  be 
excellen.  for  making  bean  cheese.  No.  22898  from  Paotingfu,  Chihli, 
China,  is  the  same  thing. 
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17862  B.  A  pure  field  selection  in  1907.  Plants  stout,  erect,  bu^y;  height  32  toft 
inches;  medium  late;  pubescence  gray;  flowers  purple;  pods  medimn- 
sized,  1}  to  2  inches  long,  compressed,  scattered,  shattering  litUe;  seedi 
chromium  green,  medium-sized,  7}  to  8  mm.  long,  oblong,  much  flattened; 
hilum  black;  germ  green.    Grown  two  seasons. 

17862  G.  A  field  mass  selection  in  1907.  Plants  slender,  suberect,  the  tips  tviniog; 
height  32  to  38  inches;  medium  late;  pubescence  tawny;  flowen  botk 
purple  and  white;  pods  medium-sized,  2  to  2^  incheslong,  tumid,  sofc- 
tered,  shattering  moderately;  seeds  straw-yellow,  medium  small,  7}  to 8 
mm.  long,  elliptical,  much  flattened;  hilum  seal-brown;  geim  yellow. 
Grown  two  seasons. 

17862  £.  A  field  mass  selection  in  1907.  Plants  stout,  erect,  bushy;  height  30  toS4 
inches;  medium  late;  pubescence  gray;  flowers  both  purple  and  white; 
pods  medium-sized,  1^  to  1)  inches,  tumid,  half  crowded,  shattenig 
little;  seeds  olive-yellow,  medium  sized,  7  to  7^  mm.  long,  elliptical, 
much  flattened;  hilum  pale  to  light  brown;  germ  yellow.  Grown  tvo 
seasons. 

17862  F.  A  field  mass  selection  in  1907.  Plants  slender,  erect,  the  tips  twining: 
height  24  to  26  inches;  medium  late;  pubescence  gray;  flowen  bodi 
purple  and  white;  pods  medium-«ized,  1}  to  2  inches  long,  tumid,  haU 
crowded,  shattering  moderately;  seeds  straw-yellow,  medium-sized,  7) 
to  8  mm.  long,  elliptical,  slightly  flattened;  hilum  pale  or  brown;  gen 
yellow.    Grown  two  seasons. 

17862  G.  A  pure  field  selection  in  1907.  Plants  stout,  erect,  bushy;  height  30  to  31 
inches;  medium  late;  pubescence  tawny;  flowers  purple;  podsmedlim 

«  sized,  1}  to  2  inches  long,  tumid,  half  crowded,  shattering  little;  eeedl 

straw-yellow,  medium-sized,  8  to  8}  mm.  long,  elliptical,  much  flat* 
tened;  hilum  pale  to  light  brown;  germ  yellow.  Grown  two  seasons. 
18227.  Chemie.  From  Khabarovsk,  Siberia,  1906.  Plants  slender,  erect,  the  tifd 
twining;  height  22  to  28  inches;  medium  early;  pubescence  tawn^ 
flowers  purple;  pods  medium-sized,  1}  to  1}  inches  long,  compreeBe^i 
half  crowded,  shattering  little;  seeds  black,  medium-sized,  7)  to  8^  maj 
long,  oblong,  much  flattened;  hilum  pale;  germ  yellow;  leaves  peniil 
when  pods  are  ripening.  Grown  four  seasons. 
18258.  From  Pee-san,  Chihli,  China,  1906.  Plants  slender,  erect,  the  tips  twiniB| 
height  28  to  34  inches;  medium  late;  pubescence  both  gray  and  tawnyj 
flowers  both  purple  and  white;  pods  medium-sized,  2  to  2}  inches  ]oa| 
compressed,  scattered,  shattering  little;  seeds  straw-yellow,  mediua 
sized,  7}  to  8  mm.  long,  oblong,  much  flattened;  hilum  brown;  gei^ 
yellow.    Grown  four  seasons. 

18258  A.  A  field  mass  selection  in  1907.    Plants  slender,  erect,  the  tips 

height  30  to  36  inches;  medium  late;  pubescence  both  gray  and  ta 
flowers  both  purple  and  white;  pods  medium-sized,  1}  to  2  inches 
compressed,  scattered,  shattering  little;  seeds  straw-yellow,  medi 
sized,  7}  to  8  mm.  long,  elliptical,  much  flattened;  hilum  seal-hro^ 
germ  yellow.    Grown  two  seasons. 

18258  D.  A  pure  field  selection  in  1907.    Plants  slender,  erect,  the  tips  twining;  he^ 
30  to  34  inches;  medium  late;  pubescence  tawny;  flowers  white; 
medium-sized,  1}  to  2  inches  long,  tumid,  scattered,  shattering  lit 
seeds  chromium   green,  medium-eized,  7}  to  8  mm.  long,  elliptic 
slightly  flattened;  hilum  black;  germ  green.    Grown  two  seaaona. 
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E.  A  field  mass  Belection  in  1907.  Plants  stout,  erect,  bushy;  height  26  to  30 
inches;  medium  late;  pubescence  both  gray  and  tawny;  flowers  white; 
pods  medium-«ized,  1}  to  2  inches  long,  tumid,  half  crowded,  shattering 
little;  seeds  chromium  green,  medium-sized,  7)  to  8  mm.  long,  ellip- 
tical, slightly  flattened;  hilum  black;  germ  green.  Grown  two  seasons. 
S2SS  N.  A  pure  field  selection  in  1908.  Plants  stout,  erect,  bushy;  height  28  to  32 
inches;  medium  late;  pubescence  tawny;  flowers  purple;  pods  medium- 
sized,  li  to  1}  inches  long,  compressed,  half  crowded,  shattering  little; 
seeds  olive,  with  black  saddle,  medium-sized,  7  to  7}  mm.  long,  oblong, 
much  flattened;  hilum  black;  germ  yellow.  Grown  two  seasons. 
18259.  Pxngsu.  Prom  Tschang-ping-tsu,  Chihli,  China,  1906.  Plants  slender, 
erect,  the  tips  twining;  height  32  to  36  inches;  medium  late;  pubescence 
gray  (50  per  cent)  and  tawny  (60  per  cent);  flowers  both  purple  and 
white;  pods  medium-sized,  1}  to  2  inches  long,  compressed,  scattered, 
shattering  muchj  seeds  black,  small,  8  to  8 J  mm.  long,  oblong,  much 
flattened;  hilum  pale;  germ  yellow.  Grown  four  seasons.  This  bean 
is  said  to  be  grown  in  the  northern  country  as  a  nitrogen-supplying  crop 
with  soigfaum,  com,  or  millet. 

18459.  Guelph.    From  West  Branch,  Mich.,  1906.    Same  as  No.  17261. 

18460.  Buckshot.    From  West  Branch,  Mich.,  1906.    Same  as  No.  17251. 
18619.  From  Shanghai,  Kiangsu,  China,  1906.     Plants  stout,  erect,  bushy;  height 

24  to  30  inches;  very  late;  pubescence  tawny;  flowere  purple,  pods 
medium-sized,  2  to  2}  inches  long,  compressed,  Hcattered,  shattering 
little;  seeds  straw-yellow,  medium-sized,  7  to  7J  mm.  long,  elliptical, 
much  flattened;  hilum  dark  brown;  germ  yellow.  Grown  four  seasons. 
This  variety  is  said  to  be  used  in  Shanghai  as  a  vegetable  after  the  beans 
have  made  sprouts  several  inches  long. 

19183.  Wilton.    From  Newchwang,  Manchuria,  1906.     Plants  slender,  erect,  the 

tips  twining;  height  36  to  48  inches;  medium  late;  pubescence  gray 
(10  per  cent)  and  tawny  (90  per  cent);  flowers  both  purple  and  white; 
pods  medium-sized,  1}  to  2  inches  long,  compressed,  scattered,  shattering 
little;  seeds  black,  medium,  7)  to  8  mm.  long,  elliptical,  much  flat- 
tened; hUum  pale;  germ  yellow.  Grown  three  seasons.  This  variety 
has  an  admixture  of  medium-sized,  subglobose,  black  seed  with  green 
cotyledons.  This  variety  is  said  to  be  grown  for  oil,  the  exhausted 
material  being  exported  as  a  very  valuable  fertilizer. 

19183  B.  A  field  mass  selection  in  1907.    Plants  slender,  erect,  the  tips  twining; 

height  36  to  48  inches;  medium  late;  pubescence  gray;  flowers  both 
purple  and  white;  pods  medium-sized,  1}  to  1}  inches  long,  compressed, 
scattered,  shattering  little;  seeds  olive-yellow,  medium  small,  7  to  7^ 
mm.  long,  elliptical,  much  flattened;  hilum  light  brown  to  russet;  germ 
yellow.    Grown  two  seasons. 

19184.  Fairckild.    From    Newchwang,    Manchuria,    1906.    Plants    stout,    erect, 

bushy;  height,  30  to  34  inches;  medium;  pubescence  tawny;  flowers 
both  purp4e  and  white;  pods  medium-sized,  1}  to  1}  inches  long,  tumid, 
half  crowded,  shattering  little;  seeds  black,  medium-sized,  7  to  7}  mm. 
long,  elliptical,  slightly  flattened;  hilum  pale;  germ  green.  Grown 
three  seasons.  This  is  said  to  be  a  very  rare  variety  used  both  for  food 
and  for  making  a  superior  oil. 

19184  A.  A  pure  field  selection  in  1907.    Plants  stout,  erect,  bushy;  height  34  to  38 

inches;  medium  late;  pubescence  gray;  flowers  white;  pods  medium- 
sized,  small,  1^  to  1}  inches  long,  tumid,  half  crowded,  shattering  little; 
seeds  straw-yellow,  medium-sized,  7  to  7)  mm.  long,  elliptical,  slightly 
flattened;  hilum  brown;  germ  yellow.    Grown  two  seasons. 
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19184  C.  A  field  maes  selection  in  1907.  Plants  slender,  erect,  the  tips  twimoij 
height  36  to  48  inches;  medium  late;  pubescence  tawny;  fiowen  boll 
purple  and  white;  pods  medium-sized,  1)  to  2  inches  long,  tuinit 
scattered,  shattering  little;  seeds  olive-yellow,  medium-sized,  7  to  T 
mm.  long,  elliptical,  slightly  flattened;  hilum  black;  germ  veDoi 
Grown  two  seasons. 

19184  D  A  field  mass  selection  in  1907.  Plants  stout,  erect,  bushy;  height  20  to  31 
inches;  medium  late;  pubescence  tawny;  flowers  both  purple  ani 
white;  pods  large,  2  to  2 j^  inches  long,  tumid,  half  crowded,  dhatteriai 
little;  seeds  olive-yellow,  large,  7  to  7)  mm.  long,  elliptical,  slig^tli 
flattened;  hilum  pale;  germ  yellow.    Grown  two  seasons. 

19184  £.  A  pure  field  selection  in  1907.  Plants  stout,  erect,  bushy;  height  22  to  2 
inches;  medium  late;  pubescence  gray;  flowers  white;  pods  mediuni 
sized,  1}  to  2}  inches  long,  tumid,  half  crowded,  shattering  little;  seed 
olive-yellow,  medium  large,  7}  to  8  mm.  long,  oval;  hilum  bpown;  gen 
yellow.    Grown  three  seasons. 

19184  G.  A  pure  field  selection  in  1907.  Plants  stout,  erect,  bushy;  height  18  to  9 
inches;  medium  late;  pubescence  tawny;  flowers  purple;  podBmediuo 
sized,  1}  to  2  inches  long,  tumid,  crowded,  shattering  moderately;  seed 
straw-yellow,  medium-«ized,  7}  to  8  mm.  long,  elliptical,  much  flattened 
hilum  black;  germ  yellow.  Grown  two  seasons. 
19186.  Morse,  From  Newchwang,  Manchuria,  1906.  Plants  stout,  erect,  bushy 
height  30  to  36  inches;  medium  late;  pubescence  gray;  flowers  boti 
purple  and  white;  pods  medium  large,  1}  to  2}  inches  long,  tumid, 
half  crowded,  shattering  moderately;  seeds  olive-yellow,  medium  laifie, 
7i  to  8  mm.  long,  elliptical,  slightly  flattened;  hilum  brown;  genu 
yellow.  Grown  three  seasons.  This  variety  is  said  to  be  the  most  com 
mon  one  from  which  oil  is  extracted  at  Newchwang. 

19186  B.  A  pure  field  8clcction  in  1907.  Plants  slender,  suberect,  the  tips  twining; 
stems  48  to  60  inches;  medium  late;  pubescence  gray;  flowers  purple; 
pods  medium-sized,  1}  to  2  inches  long,  compressed,  scattered,  shattering 
little;  seeds  black,  medium-sized,  7}  to  8  nun.  long,  oblong,  much  flat^ 
tened;  hilum  pale;  germ  yellow.    Grown  two  seasons. 

19186  C.  A  field  mass  selection  in  1907.  Plants  stout,  erect,  bushy;  height  20  to  24 
inches;  medium  late;  pubescence  gray;  flowers  both  purple  and  white; 
pods  large,  2  to  2}  inches  long,  tumid,  half  crowded,  shattering  little; 
Heeds  cinnamon  brown,  medium  large,  7}  to  8  mm.  long,  elliptica], 
nlightly  flattened,  breaking  easily;  hilum  pale;  germ  yellow.  Grows 
two  seasons. 

19186  D.  A  pure  field  selection  in  1907.  Plants  slender,  suberect,  the  tipe  twininf^ 
stems  48  to  56  inches  long;  medium  late;  pubescence  tawny;  flowers  pur. 
pie;  pods  medium-sized,  1}  to  2  inches  long,  compressed,  scatteredt 
shattering  little;  seeds  brown,  medium-sized,  8}  to  9  mm.  long,  oblong, 
much  flattened;  hilum  pale;  germ  yellow.    Grown  two  seasons. 

19186  F.  A  field  mass  selection  in  1907.  Plants  slender,  suherect,  the  tipe  twiniqfi{ 
height  36  to  42  inches;  medium  late;  pubescence  tawny;  flowers  botkl 
purple  and  white;  pods  medium-sized,  1}  to  2  inches  long,  tumid,  scat* 
tered,  shattering  little;  seeds  straw-yellow,  medium-sized,  7}  to  8  mm. 
long,  elliptical,  much  flattened ;  hilum  dark  brown;  germ  yellow.  Growa 
two  seasons. 
19951.  Mammoth.    From  Richmond,  Va. 
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19981.  From  Yokohama,  Japan,  1907.    Plants  stout,  erect,  buahy;  height  18  to  22 

inches;  medium;  pubescence  gray;  flowers  both  purple  and  white; 
pods  large,  2i  to  2}  inches  long,  tumid,  crowded,  shattering  moderately; 
seeds  straw-yellow,  large,  9}  to  10  mm.  long,  elliptical,  slightly  flattened; 
hilum  pale;  germ  yellow.  Grown  three  seasons.  No.  19983  from  Yoko- 
hama is  the  same,  and  the  variety  has  also  been  obtained  from  Tokyo, 
Japan,  Nos.  22882  and  22885. 

19981  A.  A  field  mass  selection  in  1907.  Plants  stout,  erect,  bushy;  height  22  to  26 
inches;  late;  pubescence  gray;  flowers  both  purple  and  white;  pods  large, 
2i  to  2i  inches  long,  compressed,  crowded,  shattering  little;  seeds  straw- 
yellow,  large,  8^  to  9  mm.  long,  elliptical,  slightly  flattened;  hilum  light 
brown;  germ  yellow.    Grown  two  seasons. 

19981  B.  A  pure  field  selection  in  1907.  Plants  stout,  erect,  bushy;  height  20  to  24 
inches;  medium;  pubescence  tawny;  flowers  purple;  pods  large,  2  to  2} 
inches  long,  tumid,  crowded,  shattering  little;  seeds  olive-yellow,  large, 
7}  to  8  mm.  long,  oval;  hilum  black;  germ  yellow.    Grown  two  seasons. 

19982.  From  Yokohama,  Japan,  1907.    This  is  identical  with  Flat  King,  17252. 

19983.  From  Yokohama,  Japan,  1907.    This  is  the  same  variety  as  19981. 

19984.  Natiu,    From  Yokohama,  Japan,  1907.    Plants  stout,  erect,  bushy;  height 

18  to  30  inches;  late;  pubescence  gray  (25  per  cent)  and  tawny  (75  per 
cent);  flowers  both  purple  and  white;  pods  medium  large,  2  to  2}  inches 
long,  tumid,  half  crowded,  shattering  little;  seeds  straw-yellow,  medium- 
sized,  8  to  8}  mm.  long,  elliptical,  slightly  flattened;  hilum  pale;  germ 
yellow.    Grown  three  seasons. 

19984  A.  A  puro  field  selection  in  1907.  Plants  stout,  erect,  bushy;  height  30  to  42 
inches;  medium  late;  pubescence  tawny;  flowers  purple;  pods  medium 
small,  1}  to  1}  inches  long,  compressed,  scattered,  shattering  little; 
seeds  brownish  olive,  medium-sized,  6  to  6^  mm.  long,  elliptical,  much 
flattened;  hilum  pale;  germ  yellow.    Grown  two  seasons. 

11^984  B.  A  pure  field  selection  in  1907.  Plants  stout,  erect,  bushy;  height  24  to  30 
inches;  late;  pubescence  gray;  flowers  white;  pods  medium  large,  2  to  2} 
inches  long,  tumid,  half  crowded,  shattering  little;  seeds  buff,  medium 
large,  7}  to  8  mm.  long,  elliptical,  slightly  flattened;  hilum  pale;  germ 
yellow.    Grown  two  seasons. 

19984  D.  A  field  mass  selection  in  1907.    Plants  stout,  erect,  bushy;  height  36  to  42 

inches;  late;  pubescence  tawny;  flowers  both  purple  and  white;  pods 
medium  large,  2  to  2^  inches  long,  compressed,  scattered,  shattering  little; 
seeds  olive-yellow,  mediiun-sized,  8^  to  9  mm.  long,  elliptical,  much 
flattened;  hilum  clove-brown;  germ  yellow.    Grown  two  seasons. 

19985.  Nemo.    From  Yokohama,  Japan,  1907.    Plants  stout,  erect,  bushy;  height 

28  to  32  inches;  medium  late;  pubescence  tawny;  flowers  white;  pods 
medium-sized  1}  to  2  inches  long,  tumid,  half  crowded,  shattering  little; 
seeds  olive-yellow,  medium-sized,  7  to  7 J  mm.  long,  elliptical,  slightly 
flattened;  hilum  light  to  slate-black;  germ  yellow.    Grown  three  seasons. 

l|M85  F.  a  field  mass  selection  in  1907.     Plants  stout,  bushy;  height  32  to  38  inches; 

I  mediimi  late;  pubescence  tawny;  flowers  both  purple  and  white;  pods 

medium-sized,  1|  to  2  inches  long,  tumid,  scattered,  shattering  little; 
seeds  olive-yellow,  medium-sized,  6^  to  7  mm.  long,  elliptical,  slightly 
flattened;  hilum  black;  germ  yellow.    Grown  three  seasons. 

19985  K.  A  field  mass  selection  in  1908.    Plants  stout,  erect,  bushy;  height  24  to  30 

inches;  medium  late;  pubescence  tawny;  flowers  both  purple  and  white; 
pods  medium-sized,  1^  to  2  inches,  tumid,  half  crowded,  shattering  little; 
seeds  olive-yellow,  medium-sized,  7  to  7^  mm.  long,  elliptical,  slightly 
flattened;  hilum  pale;  germ  yellow.    Grown  one  season. 
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19986.  OhtUe.    From  Yokohama,  Japan,  1907.    Plants  stout,  erect,  buahy;  hea^i 

14  to  18  inches;  early;  pubescence  tawny;  flowers  both  purple  and  white; 
pods  lai^e,  2  to  2}  inches  long,  tumid,  half  crowded,  shattering  little; 
seeds  olive-yellow,  large,  9}  to  10  mm.  long,  elliptical,  much  flattened; 
hilum  slate-colored;  germ  yellow.  Grown  three  seasons.  This  variety 
was  also  received  from  Tokyo,  Japan,  No.  22877. 

19987.  From  Yokohama,  Japan.    Very  similar  to,  if  not  identical  with  Buckshot, 

17251. 
20011.  From  Ko-bau,  northern  Korea,  1906.  Plants  stout,  erect,  buahy;  height  15 
to  18  inches;  medium;  pubescence  tawny;  flowers  purple;  poda  medium- 
sized,  1}  to  1}  inches  long,  compressed,  half  crowded,  shattering  little; 
seeds  olive-yellow,  small  to  medium,  6}  to  7  mm.  long,  elliptical,  much 
flattened;  hilum  seal-brown;  germ  yellow;  leaves  persisting  when  pods 
are  ripening.  Grown  three  seasons.  This  variety  is  said  to  be  grown  &t 
high  elevation  in  Korea. 
20011  A.  A  pure  flcld  selection  in  1907.  Plants  stout,  erect,  bushy;  height  20  to  24 
inches;  medium;  pubescence  tawny;  flowers  purple;  pods  medium-sized, 
1^  to  If  inches  long,  compressed,  scattered,  shattering  little;  seeds  stiaw- 
yellow,  small,  6)  to  7  mm.  long,  elliptical,  much  flattened;  hilum  brown; 
germ  yellow.    Grown  two  seasons. 

20405.  Haharo.     From   Khabarovsk,  Siberia,   1906.    Plants  stout,  erect,  bushy; 

height  18  to  24  inches;  medium;  pubescence  both  gray  and  tawny; 
flowers  purple;  pods  medium-sized,  1^  to  If  inches  long,  tumid,  half 
crowded,  shattering  little;  seeds  straw-yellow,  medium-sized,  7}  to  8 
mm.  long,  elliptical,  slightly  flattened;  hilum  light  brown;  germ  yellow. 
Grown  three  seasons. 
20405  B.  Chestnut.  A  field  mass  selection  in  1907.  Plants  stout,  erect,  bushy;  height 
24  to  30  inchee;  medium  early;  pubescence  gray  (25  per  cent)  and  tawny 
(75  per  cent);  flowerd  purple;  pods  medium-sized,  1}  to  If  inches  long, 
tumid,  half  crowded,  shattering  little;  seeds  brown,  medium  large,  7  to 
7i  mm.  long,  oblong,  much  flattened;  hilum  pale;  germ  yellow,  leaves 
persist  when  pods  are  ripening.    Grown  two  seasons. 

20405  C.  A  pure  field  selection  in  1907.    Plants  stout,  erect,  bushy;  height  20  to  26 

inches;  medium;  pubescence  tawny;  flowers  purple;  pods  medium-flized, 
1^  to  If  inches  long,  tumid,  half  crowded,  shattering  moderately;  seeds 
olive-yellow,  medium-sized,  7^  to  8  mm.  long,  elliptical,  much  flattened; 
hilum  pale;  germ  yellow.    Grown  two  seasons. 

20406.  Elton.    From    Khabarovsk,    Siberia,    1906.    Plants  stout,   erect,    bushy; 

height  28  to  32  inches;  medium  early;  pubescence  both  gray  and  tawny; 
flowers  purple;  pods  medium  large,  If  to  2  inches  long,  compressed,  half 
crowded,  shattering  little;  seeds  straw-yellow,  medium  laige,  7^  to  8  mm. 
long,  elliptical,  much  flattened;  hilum  pale;  germ  yellow.    Grown  three 

20406  C.  A  pure  field  selection  in  1907.     Plants  stout,  erect,  bushy;  height  18  to  22 

inches;  medium;  pubescence  tawny;  flowers  purple;  pods  medium- 
nized,  If  to  2  inches  long,  tumid,  scattered,  shattering  little;  seeds  straw- 
yellow  with  brown  saddle,  medium-sized,  8  to  9  mm.  long,  elliptical, 
much  flattened;  hilum  brown;  germ  yellow;  leaves  persisting  while 
pods  are  ripening.  Grown  two  seasons. 
20406  E.  A  pure  field  Bclection  in  1907.  Plants  stout,  erect,  bushy;  height  12  to  16 
inches;  medium;  pubescence  tawny;  flowers  purple;  pods  medium- 
Bized,  1)  to  2  inches  long,  tumid,  crowded,  shattering  moderately;  seeds 
olive-yellow,  medium-sized,  8  to  9  mm.  long,  elliptical,  much  flattened; 
hilum  pale;  germ  yellow.  Grown  two  seasons. 
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20406  G.  A  pure  field  selection  in  1907.    Plants  stout,  erect,  bushy;  height  24  to  28 

inches;  medium  early;  pubescence  gray;  flowers  purple;  pods  laige, 
2  to  2^  inches  long,  compressed,  half  crowded,  shattering  little;  seeds 
light  brown,  laige,  8^  to  9  mm.  long,  elliptical,  much  flattened;  hilum 
pale;  germ  yellow.    Grown  two  seasons. 

20407.  BrindU.    From  Merkoechofka,  Siberia,  1906.    Plants  stout,  erect,  bushy; 

height  16  to  20  inches;  medium;  pubescence  tawny;  flowers  purple; 
pods  laige,  1}  to  2^  inches  long,  tumid,  half  crowded,  shattering  little; 
seeds  brown  and  black,  the  colors  somewhat  concentrated  in  bands, 
huge,  8  to  9  mm.  long,  elliptical,  slightly  flattened;  hilum  pale;  germ 
yellow.  Grown  three  seasons.  This  variety  is  said  to  be  us^d  in  Siberia 
for  human  food,  being  boiled  with  millet. 

20407  B.  A  field  mass  selection  in  1907.    Plants  stout,  erect,  bushy;  height  18  to  24 

inches;  medium;  pubescence  tawny;  flowers  both  purple  and  white; 
pods  medium-sized,  1}  to  1)  mm.  long,  tumid,  half  crowded,  shattering 
little;  seeds  straw-yellow,  medium-sized,  8^  to  9  mm.  long,  elliptical, 
much  flattened;  hilum  brown;  germ  yellow.    Grown  two  seasons. 

20408.  From  Khabarovsk,  Siberia,  1906.    Seeds  black.    They  failed  to  germinate 

in  1907. 

20409.  Hansen.    From  Merkoechofka,  Siberia,  1906.    Plants  slender,  erect,  the 

tips  twining;  height  16  to  20  inches;  early;  pubescence  tawny;  flowers 
purple;  pods  small,  1}  to  1^  mm.  long,  tumid,  crowded,  shattering  little; 
seeds  brown,  very  small,  5  to  5^  mm.  long,  oblong,  much  flattened;  hilum 
pale;  germ  yellow.    Grown  three  seasons. 

20410.  From  Merkoechofka,  Siberia,  1906.     Plants  stout,  erect,  bushy;  height  12 

to  15  inches;  medium  early;  pubescence  tawny;  flowers  purple;  pods 
small,  1}  to  1}  inches  long,  compressed,  half  crowded,  shattering  much; 
seeds  black,  small,  6  to  6}  mm.  long,  elliptical,  much  flattened;  hilum 
pale;  germ  yellow;  leaves  persist  when  pods  are  ripening.  Grown  three 
seasons. 

20411.  From  Merkoechofka,  Siberia,  1906.    Plants  stout,  erect,  bushy;  height  16 

to  20  inches;  medium  early;  pubescence  tawny,  flowers  both  purple 
and  white;  pods  small,  1^  to  1^  inches  long,  tumid,  crowded,  shattering 
moderately;  seeds  dull  black  marbled  with  brown,  small,  5  to  5^  mm. 
long,  elliptical,  much  flattened;  hilum  pale;  germ  yellow.  Grown  three 
seasons. 

20412.  Merko.    From  Merkoechofka,   Siberia,   1906.    Plants  slender,   erect,   the 

tips  twining;  height  28  to  32  inches;  medium  early;  pubescence  gray  (60 
per  cent)  and  tawny  (40  per  cent);  flowers  both  purple  and  white;  pods 
medium  small,  1)  to  1}  inches  long,  compressed,  scattered,  shattering 
little;  seeds  brown,  small,  7)  to  8  mm.  long,  oblong,  much  flattened, 
hilum  pale;  germ  yellow;  leaves  persist  when  pods  are  ripening.  Grown 
three  seasons. 

20412  A.  A  pure  field  selection  in  1907.  Plants  stout,  erect,  buphy;  height  16  to  18 
inches;  medium;  pubescence  tawny;  flowers  purple;  po<la  medium- 
sized,  1}  to  2  inches  long,  compressed,  half  crowded,  shattering  little; 
seeds  deep  brown,  medium  small,  7^  to  8  mm.  long,  elliptical,  much 
flattened;  hilum  pale;  germ  yellow;  leaves  persist  when  pods  are  ripen- 
ing.   Grown  two  seasons. 

20412  B.  A  pure  field  selection  in  1907.  Plants  stout,  erect,  bushy;  height  20  to  24 
inches;  medium;  pubescence  tawny;  flowers  purple;  pods  medium- 
sized,  1}  to  If  inches  long,  tumid,  half  crowded,  shattering  moderately; 
seeds  olive  to  mummy  brown,  medium  large,  7^  to  8  mm.  long,  elliptical, 
much  flattened;  hilum  pale;  germ  yellow;  leaves  persist  when  pods  are 
ripening.    Grown  two  seasons. 
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20414.  From  Merkoechofka,  Siberia,  1906.    Identical  with  Chemie,  18227. 

20629.  From  Manchuria,  March,  1907.    Seeds  failed  to  germinate. 

20699.  From  Usuri  Province,  Siberia,  March,  1907.    Seeds  iaAled  to  germinate. 

20797.  Ri4xland.    From  Chinhuafu,  near  Shanghai,  Kiangsu,  China,  1907.    FliatB 

slender,  erect,  very  leafy;  height  36  to  42  inches;  very  late;  pubescence 
tawny;  flowers  purple;  pods  medium  small,  1}  to  If  inches  long,  com- 
pressed, scattered,  shattering  little;  seeds  black,  medium  small,  ^  to 
7  mm.  long,  oblong;  much  flattened;  hilum  pale;  germ  yellow.  Grown 
three  seasons.  No.  23337  from  Shanghai  is  the  same  thing.  This  variety 
is  said  to  be  grown  as  a  second  crop  in  low-lying  rice  fields  and  mainly 
.used  as  a  fodder  for  domestic  animals.  It  is  not  quite  identical  with  the 
original  Riceland,  No.  6560. 

20798.  Barchet.    From  Chinhuafu,  Kiangsu,  China,  1907.    Plants  slender,  erect, 

very  leafy;  height  36  to  42  inches;  late;  pubescence  tawny;  flowen 
purple;  pods  medium  small,  1}  to  1}  inches  long,  compressed,  scattered, 
shattering  little;  seeds  dark  olive-brown,  medium-sized,  6}  to  7  mm. 
long,  oblong,  much  flattened;  hilum  pale;  germ  yellow.  Grown  three 
seasons.  This  variety  has  also  been  grown  under  No.  23336  from  Shang^ 
hai,  China,  and  9344  is  almost  certainly  the  same  thing. 

20798  C.  A  selection  out  of  the  original  seed  of  20798.  Plants  stout,  erect,  bushy; 
height  30  to  36  inches;  very  late;  pubescence  tawny;  flowers  purple; 
pods  medium-sized,  1}  to  2  inches  long,  compressed,  scattered,  shattering 
little;  seeds  olive-yellow,  medium-sized,  7)  to  8  mm.  long,  elliptical, 
much  flattened;  hilum  burnt  umber;  germ  yellow;  leaves  perrast  ^^e 
pods  are  ripening.    Grown  two  seasons. 

20798  E.  A  selection  out  of  the  original  seed  of  20798.  Plants  slender,  erect,  the  tips 
twining;  height  36  to  42  inches;  very  late;  pubescence  tawny;  flowen 
purple;  pods  medium-sized,  1}  to  1}  inches  long,  compressed,  scattered, 
shattering  little;  seeds  olive-yellow,  6i  to  7  mm.  long,  elliptical,  much 
flattened;  hilum  dark  brown;  germ  yellow.  Grown  two  sesflons. 
20854.  Tasking.  From  Harbin,  Manchuria,  1907.  Plants  stout,  erect,  bushy; 
height  14  to  18  inches;  medium;  pubescence  tawny;  flowers  both  purple 
and  white;  pods  medium-sized,  1^  to  1}  inches  long,  tumid,  half  crowded, 
shattering  little;  seeds  chromium  green,  medium-sized,  7}  to  8  mm.  long, 
elliptical,  slightly  flattened;  hilum  black;  germ  green.  Grown  three 
seasons. 

20892.  From  Kobe,  Japan,  1907.    Plants  stout,  erect,  bushy;  height 24  to  30  inches; 

late;  pubescence  gray  (5  per  cent)  and  tawny  (95  per  cent),  flowers  both 
purple  and  white ;  pods  large,  2  to  2}  inches  long,  tumid,  half  crowded, 
shattering  moderately;  seeds  straw-yellow,  large,  8}  to  9  mm.  long, 
elliptical,  slightly  flattened,  hilum  pale;  germ  yellow.  Grown  three 
seasons. 

20892  A.  A  pure  field  selection  in  1908.    Plants  stout,  erect,  bushy;  height  12  to  18 

inches;  medium  early;  pubescence  gray;  flowers  purple;  pods  medium- 
sized,  1}  to  2  inches  long,  tumid,  half  crowded,  shattering  moderately; 
seeds  straw-yellow,  medium-sized,  8}  to  9  mm.  long,  elliptical,  slightly 
flattened;  hilum  pale;  germ  yellow.    Grown  two  seasons. 

20893.  From  Kobe,  Japan,  1907.    This  proved  to  be  identical  with  Tokyo,  17264. 

20893  A.  A  pure  field  selection  in  1908.    Plants  stout,  erect,  bushy;  hei^t  24  to  30 

inches;  late;  pubescence  tawny;  fiowers  purple;  pods  laige,   2  to  2} 
inches  long,  tumid,  crowded,  shattering  moderately;  seeds  straw-yeUow, 
very  large,  9  to  9}  mm.  long,  elliptical,  slightly  flattened;  hilum  pale; 
germ  yellow.    Grown  two  seasons. 
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21079 .  Skingto .    From  Tieling,  Manchuria,  1907 .    Plants  stout,  erect,  bushy ;  height 

24  to  30  inches;  medium;  pubescence  tawny ;  flowers  white;  pods  medium- 
sized,  IJ  to  1}  inches  long,  tumid,  scattered,  shattering  little;  seeds 
olive-yellow,  medium-sized,  6}  to  7  mm.  long,  elliptical,  slightly  flat- 
tened; hilum  light  to  slate-black;  germ  yellow.  Grown  three  seasons. 
This  variety  is  said  to  be  used  to  produce  bean  oil  and  bean  cake. 

21079  A.  AiLbum.  A  field  mass  selection  in  1907.  Plants  stout,  erect,  bushy;  height 
24  to  28  inches;  medium  early;  pubescence  gray  (30  per  cent)  and  tawny 
(70  per  cent);  flowers  white;  pods  medium-sized,  1}  to  2  inches  long, 
compressed,  half  crowded,  shattering  little;  seeds  black,  mediumnsized, 
7)  to  8  mm.  long,  elliptical,  much  flattened;  hilum  pale;  germ  green. 
Grown  two  seasons. 

21079  D.  A  field  mass  selection  in  1907.  Plants  stout,  erect,  bushy;  height  20  to  24 
inches;  medium;  pubescence  tawny;  flowers  both  purple  and  white; 
pods  medium  sized,  1}  to  1}  inches  long,  tumid,  half  crowded,  shattering 
little;  seeds  olive-yellow,  medium-sized,  7  to  7^  mm.  long,  elliptical, 
slightly  flattened;  hilum  dark  brown;  germ  yellow.    Grown  two  seasons. 

21079  H.  A  pure  field  selection  in  1907.    Plants  stout,  erect,  bushy,  height  24  to  30 

inches;  medium;  pubescence  tawny;  flowers  purple;  pods  medium- 
sized,  1}  to  2  inches  long,  compressed;  crowded,  shattering  moderately; 
seeds  straw-yellow,  medium-sized,  7^  to  8  nmi.  long,  elliptical,  much  flat- 
tened; hilum  brown;  germ  yellow.    Grown  two  seasons. 

21080.  From  Tieling,  Manchuria,  1907.    Plants  stout,  erect,  bushy;  height  14  to  18 

inches;  medium;  pubescence  tawny;  flowers  white;  pods  medium- 
sized,  1}  to  2  inches  long,  tumid,  half  crowded,  shattering  little;  seeds 
chromium  green,  medium-sized,  9  to  9}  mm.  long,  elliptical,  slightly 
flattened;  hilum  brown;  germ  green.  Grown  throe  seasons.  This 
variety  is  said  to  be  the  most  expensive  of  all  the  soy  beans  at  Tieling 
and  is  eaten  only  by  the  better  classes  of  Chinese. 

21080  K.  A  field  selection  in  1908.    Plants  stout,  erect,  bushy;  height  22  to  26  inches 

medium  early;  pubescence  tawny;  flowers  purple;  pods  medium-sized 
H  to  1}  inches  long,  tumid,  half  crowded,  shattering  little;  seeds  smoky 
yellow,  medium-sized,  7  to  7^  mm.  long,  elliptical,  slightly  flattened 
hilum  brown;  germ  yellow.    Grown  one  season. 

21080  L.  A  field  selection  in  1908.    Plants  stout,  erect,  bushy;  height  12  to  16  inches 
medium  early;  pubescence  tawny;  flowers  white;  pods  large,  H  to  1] 
inches  long;  tumid,  crowded,  shattering  a  little;  seeds  dark  brown,  laige 
10  to  10}  mm.  long,  elliptical,  much  flattened;  hilum  pale;  germ  yellow 
Grown  one  season. 

21080  N .  A  field  selection  in  1908.    Plants  stout,  eroct,  bushy;  height  12  to  16  inches 
medium  early;  pubescence  tawny;  flowers  both  purple  and  white;  pods 
medium  large,  1}  to  If  inches  long,  tumid,  crowded,  shattering  little 
seeds  chromium  green,  large,  8}  to  9  mm.  long,  elliptical,  sUghtly  flat- 
tened; hilum  pale;  germ  groen.    Grown  one  season. 
21731.  Mammoth.    From  Hicfcory,  N.  C. 

21754.  From  Vilmorin-Andrieux  &  Co.,  Paris,  France,  1908.  Plants  stout,  bushy, 
erect;  height  10  to  14  inches;  medium;  pubescence  tawny;  flowers  pur- 
ple; pods  medium  sized,  1}  to  2  inches  long,  tumid,  crowded,  shattering 
little;  seeds  straw-yellow,  medium  small,  7}  to  8  mm.  long,  elliptical, 
much  flattened;  hilum  seal-brown;  germ  yellow.  Grown  two  seasons. 
This  variety  was  also  obtained  from  Dammann  <&  Co.,  Naples,  Italy,  and 
grown  under  S.  P.  I.  No.  22414. 
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21755.  From  Vilmorin-Andrieux  &  Co.,  P&ns,  France,  1908.     Plants  stout,  bushy, 

erect;  height  12  to  16  inches;  very  early;  pubescence  tawny;  flowen 
white;  pods  large,  2  to  2}  inches  long,  tumid,  half  crowded,  shattering 
moderately;  seeds  deep  brown,  medium  large  to  large,  8  to  9  mm.  long, 
elliptical,  much  flattened ;  hilum  pale ;  germ  yellow.  Except  for  length  of 
season,  this  could  not  be  distinguished  from  17258,  Ogemaw.  Grown  two 
seasons. 

21756.  From  Vilmorin-Andrieux  &  Co.,  Paris,  France,  1908.    This  is  identical 

with  18227. 

21757.  Identical  with  the  preceding  and  from  the  same  source. 

21818.  From  Vilmorin-Andrieux  &  Co.,  Paris,  France,  1908.  This  could  not  be 
distinguished  from  I  to  San,  17268. 

21825.  From  Hokkaido,  Japan,  1908.  Plants  stout,  erect,  bushy;  height,  16  to  20 
inches,  medium  early;  pubescence  tawny;  flowers  purple;  pods  medium- 
sized;  1}  to  1}  inches  long,  tumid,  half  crowded,  shattering  moderately; 
seeds  straw-yellow,  medium-sized,  8  to  8}  mm.  long,  elliptical,  slightly 
flattened ;  hilum  brown;  germ  yellow.  Grown  two  seasons.  This  variety 
is  said  to  be  used  principally  in  the  manufacture  of  "soy,"  "miso," 
"tifu,''  etc.  It  has  also  been  obtained  again  from  the  same  place  and 
grown  under  Nos.  21830  and  21831. 

21830.  From  Hokkaido,  Japan,  1908. 

21831.  From  Hokkaido,  Japan,  1908. 

Both  these  numbers  produced  plants  that  were  identical  with  21825. 
21946.  From  Buitenzorg,  Java,  1908.     A  black-seeded  variety,  but  the  seeds  failed 

to  germinate. 
21999.  Taha.  From  Boshan,  Shangtung,  China,  1907.  Plants  slender,  erect,  the 
tips  twining;  height,  28  to  32  inches;  medium  late;  pubescence  gray  (5 
per  cent)  and  tawny  (95  per  cent);  flowers  both  purple  and  white;  pods 
large,  2  to  2}  inches  long,  compressed,  scattered,  shattering  little;  seeds 
black  with  olive  saddle,  large,  9  to  10  mm.  long,  elliptical,  much  flattened; 
hilum  black ;  germ  yellow.  Grown  two  seasons.  This  is  said  to  be  a  rare 
variety  of  soy  bean,  used  by  the  higher  classes  of  Chinese  as  a  vegetable 
in  soups. 

21999  B.  A  mass  selection  out  of  the  original  seed.  Plants  slender,  erect,  the 
tips  twining;  height,  36  to  48  inches;  late;  pubescence  tawny;  flowen 
white;  pods  large,  2  to  2\  inches  long,  compressed,  scattered,  shattering 
little;  seeds  brown,  large,  8  to  9  mm.  long,  elliptical,  much  flattened; 
hilum  pale;  germ  yellow.    Grown  two  seasons. 

21999  C.  A  mass  selection  out  of  the  original  seed.  Plants  slender,  erect,  the  tips 
twining;  height,  42  to  48  inches;  late;  pubescence  gray  (40  per  cent) 
and  tawny  (60  per  cent);  flowers  both  purple  and  white;  pods  scattered, 
shattering  little,  medium-sized,  1^  to  2  inches  long,  compressed;  seeds 
olivo-yellow,  medium-sized,  7  to  7i  mm.  long,  elliptical,  much  flattened; 
hilum  slate-black;  germ  yellow.    Grown  two  seasons. 

21999  D.  A  mass  selection  out  of  the  original  seed.  Plants  slender,  erect,  the 
tips  twining;  height,  30  to  42  inches;  late;  pubescence  tawny;  flowers 
both  purple  and  white;  pods  large,  2 J  to  2 J  inches  long,  tumid,  hall 
crowded,  shattering  little;  seeds  olive-yellow,  large,  8}  to  9  mm.  long, 
elliptical,  slightly  flattened;  hilum  black;  germ  yellow.  Grown  two 
seasons. 
22311.  From  Shanghai,  China,  1908.  This  proved  to  be  the  same  as  14952  from  the 
same  place. 
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22312.  Famham.  From  Shanghai,  China,  1908.  Plants  stout,  erect,  bushy;  height 
36  to  40  inches;  late;  pubescence  gray;  flowers  purple;  pods  medium- 
sized,  1^  to  1|  inches  long,  tumid,  scattered,  shattering  moderately;  seeds 
straw-yellow,  medium-sized,  7  to  7)  mm.  long,  elliptical,  slightly  flat- 
tened; hilum  brown;  germ  yellow.    Grown  two  seasons. 

22317.  From  Haage  &  Schmidt,  Erfurt,  Germany,  1908.    A  yellow-seeded  sort,  but 

the  seed  did  not  germinate. 

22318.  From  Erfurt,  Germany,  1908.    Plants  stout,  erect,  bushy;  height,  24  to  32 

inches;  very  late;  pubescence  gray;  flowers  white;  pods  medium-sized, 
1^  to  If  inches  long,  tumid,  scattered,  shattering  little;  seeds  straw-yellow, 
medium-sized;  8  to  8}  mm.  long,  elliptical,  slightly  flattened;  hilum 
light  brown;  germ  yellow.  Grown  two  seasons. 
22318  A.  A  field  selection  in  1908.  Plants  stout,  erect,  bushy;  height  36  to  40  inches; 
late;  pubescence  gray;  flowers  white;  pods  medium-sized,  1^  to  1} 
inches  long,  compressed,  scattered,  shattering  little;  seeds  straw-yellow, 
mediimi  small,  5}  to  6  mm.  long,  elliptical,  slightly  flattened;  hilum 
brown;  germ  yellow.    Grown  one  season. 

22319.  From  Haage  &  Schmidt,  Erfurt,  Germany,  1908.    A  brown-seeded  variety, 

but  the  seed  did  not  germinate. 

22320.  From  Haage  &  Schmidt,  Erfurt,  Germany,  1908,  as  "Green  from  Samarow. " 

Identical  with  Guelph,  17261. 

22321.  From  Haage  &  Schmidt,  Erfurt,  Germany.     Identical  with  Chemie,  18227. 

22322.  From  Haage  &  Schmidt,  Erfurt,  Germany,  1908,  as  ''Early  Black  from 

Podolia. "    The  same  thing  as  Buckshot,  17251. 

22333.  Baird.    The  progeny  of  17256  A.    Selected  out  of  17256,  grown  from  6414 

from  Pingyang,  Korea,  1901.  Plants  stout,  erect,  bushy;  height  30  to 
36  inches;  late;  pubescence  gray;  flowers  both  purple  and  white;  pods 
medium  small,  1^  to  1}  inches  long,  tumid,  half  crowded,  shattering 
little;  seeds  brown,  medium  small,  5^  to  6  mm.  long,  elliptical,  slightly 
flattened;  hilum  pale;  germ  yellow.    Grown  nine  seasons. 

22334.  From  the  Illinois  Agricultural  Experiment  Station,  1908.     Identical  with 

Nuttall,  17253,  and,  as  the  records  show,  grown  from  seed  obtained  from 
the  Department  of  Agriculture. 

22335.  From  the  Illinois  Agricultural  Experiment  Station,  1908.    Plants  stout, 

erect,  bushy;  height  16  to  20  inches;  medium;  pubescence  gray  and 
tawny;  flowers  white;  pods  medium-sized,  1^  to  If  inches  long,  tumid, 
half  crowded,  shattering  moderately;  seeds  straw-yellow,  medium-sized, 
6^  to  7  mm.  long,  oval;  hilum  pale;  germ  yellow.    Grown  two  seasons. 

22336.  From  the  Illinois  Agricultural  Experiment  Station,  1908.    Both  this  and 

22337  proved  to  be  identical  with  Guelph,  17261. 
22336  A.  A  pure  field  selection  in  1908.  Plants  stout,  erect,  bushy;  height  12  to  15 
inches;  medium  early;  pubescence  tawny;  flowers  purple;  poda  medium- 
sized,  1^  to  2  inches  long,  tumid,  half  crowded,  shattering  moderately; 
seeds  black,  medium-sized,  8  to  8^  mm.  long,  elliptical,,  much  flattened; 
hilum  pale;  germ  green.    Grown  one  season. 

22337.  See  22336. 

22379.  Stoan.  From  Canton,  Kwangtung,  China,  1908.  Plants  stout,  erect, 
bushy;  height  26  to  30  inches;  medium;  pubescence  gray;  flowers  both 
purple  and  white;  pods  medium-sized,  li  to  If  inches  long,  tumid,  half 
crowded,  shattering  moderately;  seeds  straw-yellow,  medium-sized,  6 J 
to  7  mm.  long,  elliptical,  slightly  flattened;  hilum  light  brown;  germ 
yellow.    Grown  two  seasons. 
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22380.  From  Canton,  Kwangtung,  China,  1908.    Plants  slender,  erect,  the  tipB 

twining;  height  30  to  36  inches;  late;  pubescence  tawny;  flowers  white; 
pods  large.  2  to  2}  inches  long,  compressed,  scattered,  shattering  moder- 
ately; seeds  black,  lazge,  7)  to  8^  mm.  long,  elliptical,  slightly  flatteoed; 
hilum  pale;  germ  green.    Grown  two  seasons. 

22381.  From  Canton,  Kwangtimg,  China,  1908.    Plants  stout,  erect,  buahy;  height 

18. to  24  inches;  late;  pubescence  gray  (25  per  cent)  and  tawny  (75  per 
cent);  flowers  both  purple  and  white;  pods  medium  large,  2  to  2}  inches 
long,  tumid,  crowded,  shattering  moderately;  seeds  olive-yellow, 
medium-sized;  7}  to  8  mm.  long,  oval;  hilum  pale;  germ  yellow.  Grown 
two  seasons. 
22381  B.  A  pure  selection  in  1908.  Plants  stout,  erect,  bushy;  height  12  to  16  inches; 
medium  early;  pubescence  tawny;  flowers  white;  pods  large,  2  to  2} 
inches  long,  tumid,  half  crowded,  shattering  little;  seeds  olive-yellow 
(smoky),  large,  9^  to  10  mm.  long,  elliptical,  slightly  flattened;  hilum 
pale;  germ  green.    Grown  one  season. 

22406.  Hongkong.    From  Hongkong,  Kwangtung,  China,  1908.     Plants  stout,  erect, 

bushy;  height  24  to  30  inches;  medium  late;  pubescence  tawny;  floweis 
both  purple  and  w^ite;  pods  scattered,  shattering  little,  1}  to  2  inches 
long,  tumid;  seeds  black,  medium-sized,  7}  to  8  nmi.  long,  oblong, 
slightly  flattened;  hilum  pale;  germ  green.    Grown  two  seasons. 

22407.  Nigra.    From  Hongkong,   China,   1908.     Plants  slender,   erect,   the  tips 

twining;  height  24  to  30  inches;  medium;  pubescence  gray  (8  per  cent) 
and  tawny  (20  per  cent);  flowers  both  purple  and  white;  pods  medium- 
sized,  If  to  2  inches  long,  tumid,  scattered,  shattering  moderately;  seeds 
black,  medium-sized,  8}  to  9  mm.  long,  oblong,  much  flattened;  hilum 
pale;  germ  green.    Grown  two  seasons. 

22411.  From  Dammann  &  Co.,  Naples,  Italy,  1908,  as  ^'Samarow."    This  proved 

to  be  identical  with  17260. 
22411  A.  A  pure  field  selection  in  1907.  Plants  stout,  erect,  bushy;  height  12  to  16 
inches;  medium  early;  pubescence  tawny;  flowers  purple;  pods  small, 
1}  to  li  inches  long,  compressed,  crowded,  shattering  much;  seeds  dull 
brown,  very  small,  5  to  5}  mm.  long,  oblong,  much  flattened;  hilum 
pale;  germ  yellow.    Grown  two  seasons. 

22412.  From  Dammann  &  Co.,  Naples,  Italy,  1908.    The  plants  were  exactly  like 

Chernie,  18227. 

22413.  From  Dammann  &  Co.,  Naples,  Italy.    Seeds  brown,  but  none  germinated. 

22414.  From  Dammann  &  Co. ,  Naples,  Italy,  1908.   This  is  exactly  the  same  variety 

as  21754. 

22415.  From  Dammann  &  Co.,  Naples,  Italy,  as  "Giant  Yellow."    The  plants 

and  seeds  of  this  can  not  be  distinguished  from  Butterball,  17273. 
22428.  Wild  soy  bean  from  the  botanic  gardens,  Tokyo,  Japan,  1908.  Plants  very 
slender,  very  vining,  procumbent;  length  of  stems  36  to  48  inchcp; 
very  late;  pubescence  tawny;  flowers  purple;  pods  small,  i  to  1)  inches 
long,  compressed,  scattered,  shattering  very  much;  seeds  dull  black, 
oblong,  much  flattened,  very  small,  3}  to  4  mm.  long;  hilum  pale; 
germ  yellow.  Grown  three  seasons.  (See  PI.  I.)  No.  25138,  fro® 
Soochow,  Kiangsu,  China,  is  identical.  (See  PI.  II,  fig.  1.)  This  » 
the  wild  form  of  the  soy  bean.  It  volunteers  very  readily  at  Arlington 
Experimental  Farm,  the  seedlings  appearing  about  May  1.  Were  it 
not  that  the  seed  shatters  so  badly,  the  plant  would  have  promise  u  ft 
cover  crop. 
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22498.  FnHn  Hangchow,   Chekiang,   China,   1908.    Plants  etout,   erect,   bushy; 

heig;ht  16  to  20  inches;  very  late;  pubescence  tawny;  flowers  purple; 
pods  scattered,  never  fully  maturing  at  Arlington  Experimental  Farm; 
seeds  straw-yellow,  medium-sized,  7}  to  8  mm.  long,  elliptical,  slightly 
flattened;  hilum  dark  brown;  germ  yellow.    Grown  two  seasons. 

22499.  From  Hangchow,  Chekiang,  China.    Seeds  straw-yellow,  but  none  germi- 

nated. 

22500.  From   Hangchow,   Chekiang,   China,   1908.    Plants  stout,   erect,   bushy; 

height  24  to  28  inches;  very  late;  pubescence  tawny;  flowers  white; 
pods  half  crowded;  seeds  chromium  green,  medium-sized,  9  to  10  mm. 
long,  elliptical,  slightly  flattened;  hilum  brown;  germ  green.  Grown 
two  seasons. 

22501.  From  Hangchow,  China,  1908.    Plants  slender,  erect,  the  tips  twining; 

height  42  to  48  inches;  very  late;  pubescence  tawny;  flowers  white; 
pods  medium  lai^ge,  2  to  2|  inches  long,  compressed,  scattered,  shattering 
little;  seeds  black,  medium  large,  7  to  7 J  mm.  long,  subglobose;  hilum 
pale;  germ  green.    Grown  two  seasons. 

22503.  From  Yokohama,  Japan,  1908.     Plants  stout,  erect,  bushy;  height  12  to  16 

inches;  medium;  pubescence  gray;  flowers  purple;  pods  large,  2}  to  2) 
inches  long,  tumid,  crowded,  shattering  moderately;  seeds  straw-yellow, 
l^ig^i  ^i  to  10  mm.  long,  subglobose;  hilum  pale;  germ  yellow.    Grown 
•  two  seasons. 

22504.  From  Yokohama,  Japan,  1908.    Plants  stout,  erect,  bushy;  height  18  to  24 

inches;  late;  pubescence  tawny;  flowers  purple;  pods  large,  2^  to  2} 
inches  long,  tumid,  crowded,  shattering  much;  seeds  olive-yellow, 
large,  8  to  9  mm.  long,  subglobose;  hilum  pale;  germ  yellow.  Grown 
two  seasons. 
22504  A.  A  selection  out  of  the  original  seed  22504,  Plants  stout,  erect,  bushy; 
height  14  to  18  inches;  medium;  pubescence  gray;  flowers  purple;  pods 
medium-sized,  1)  to  2  inches  long,  tumid,  crowded,  shattering  little; 
seeds  straw-yellow,  medium-sized,  8  to  8^  mm.  long,  elliptical,  slightly 
flattened;  hilum  pale;  germ  yellow.    Grown  two  seasons. 

22505.  From  Yokohama,  Japan,  1908.     Plants  stout,  erect,  bushy;  height  20  to  28 

inches;  medium;  pubescence  tawny;  flowers  both  purple  and  white; 
pods  medium-sized,  1^  to  If  inches  long,  tumid,  crowded,  shattering 
little;  seeds  straw-yellow,  medium-sized,  6^  to  7^  mm.  long,  elliptical, 
slightly  flattened;  hilum  brown;  germ  yellow.    Grown  two  seasons. 

22506.  From  Yokohama,  Japan,  1908.    Plants  stout,  erect,  bushy;  height  12  to  16 

inches;  medium;  pubescence  gray;  flowers  purple;  pods  medium  large, 
2  to  2f  inches  long,  tumid,  crowded,  shattering  much;  seeds  straw- 
yellow,  medium-sized,  8^  to  9  mm.  long,  elliptical,  slightly  flattened; 
hilum  light  brown;  germ  yellow.    Grown  two  seasons. 

22507.  From  Yokohama,  Japan,  1908.     Plants  stout,  erect,  bushy;  height,  18  to  22 

inches;  medium;  pubescence  tawny;  flowers  white;  pods  medium-sized, 
1}  to  1|  inches  long,  tumid,  crowded,  shattering  much;  seeds  olive- 
yellow,  medium  large,  8^  to  9  mm.  long,  subglobose;  hilum  brown;  germ 
yellow.  Grown  two  seasons. 
22534.  From  Weihsien,  China,  1908.  Plants  slender,  erect,  the  tips  twining;  height, 
36  to  42  inches;  late;  pubescence  gray;  flowers  both  purple  and  white; 
pods  medium-sized,  1^  to  If  inches  long,  compressed,  half  crowded, 
shattering  moderately;  seeds  straw-yellow,  medium  small,  7^  to  8  mm. 
long,  oval ;  hilum  brown ;  germ  yellow.  Grown  two  seasons.  This  variety 
is  said  to  be  used  for  making  lamp  and  cooking  oil  and  for  flour  to  make 
cakes.  The  remaining  material  after  expressing  the  oil  forms  a  cake 
which  is  exported  for  feeding  animals  and  enriching  land* 
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22535.  From  Weihsien,  China,  1908.    The  seeds  and  plants  of  this  are  identfcd 

with  Cloud,  16790. 

22536.  From  Chefoo,  Shantung,  China,  1908.    This  proved  identical  with  17857. 

22537.  From  Chefoo,  Shantung,  China,  1908.    Plants  stout,  erect,  bushy;  height, 

18  to  30  inches;  late;  pubescence  tawny;  flowers  both  purple  and  white; 
pods  medium-^ized,  1}  to  2  inches  long,  tumid,  half  crowded,  shattering 
moderately;  seeds  olive-yellow,  medium-sized,  8^  to  9  mm.  long,  ellipti- 
cal, much  flattened;  hilum  pale;  germ  yellow.  Grown  two  seaaow. 
This  variety  is  said  to  be  used  quite  extensively  at  Chefoo  for  the  manu- 
facture of  oil. 

22538.  From  Chefoo,  Shantung,  China,  1908.    Plants  slender,  erect,  the  tipe  twin- 

ing; height,  36  to  42  inches;  medium  late;  pubescence  gray  (50  per  cent) 
and  tawny  (50  per  cent);  flowers  both  purple  and  white;  pods  medium- 
sized,  1}  to  1}  inches  long,  compressed,  scattered,  shattering  moderately; 
seeds  black,  medium-sized,  6  to  6jt  mm.  long,  oblong,  much  flattened; 
germ  yellow.    Grown  two  seasons. 

22633.  Morgan.    From  Sheklung,  Kwangtung,  China,  1908.    Plants  slender,  erect, 

the  tips  twining;  height,  36  to  42  inches;  very  late;  pubescence  tawny; 
flowers  both  purple  and  white;  pods  medium  small,  1|  to  1^  inches  long, 
compressed,  scattered,  shattering  little;  seeds  olive-yellow,  small,  5^  to 
6  mm.  long,  elliptical,  much  flattened;  hilum  russet;  germ  yellow. 
Grown  two  seasons. 

22634.  From  Sheklung,   Kwangtung,  China,   1908.     Plants  stout,  erect,  bushy; 

height,  22  to  28  inches;  medium  late;  pubescence  tawny;  flowers  purple; 
pods  medium-sized,  1|  to  1}  inches  long,  half  crowded;  shattering  mod- 
erately; f^eeds  black,  medium  small,  7^  to  8  mm.  long,  elliptical,  much 
flattened;  hilum  pale;  germ  yellow.    Grown  two  seasons. 

22644.  Stuart.    From  Hangchow,   Chekiang,   China,   1908.    Plants  stout,  erect, 

bushy;  height,  36  to  40  inches;  very  late;  pubescence  gray;  flowers  purple; 
pods  medium-sized,  1}  to  2  inches  long,  compressed,  scattered,  shattering 
little;  seeds  olive-yellow,  medium  small,  7  to  7 J  mm.  long,  elliptical, 
much  flattened;  hilum  russet;  germ  yellow.    Grown  two  seasons. 

22644  A.  A  pure  field  selection  in  1908.  Plants  stout,  erect,  bushy;  height,  36  to  42 
inches;  very  late;  pubescence  tawny;  flowers  purple;  pods  medium-sized, 
If  to  2  inches  long,  compreK»ed,  scattered,  shattering  little;  seeds  eeal- 
brown  to  olive,  medium  small,  elliptical,  6}  to  7  nun.  long,  much  flat- 
toned;  hilum  pale;  germ  yellow.     Grown  one  season. 

22G44  B.  Nielsen.  A  pure  selection  out  of  the  original  seed  of  22644.  Plants  stout, 
erect,  bushy;  height,  34  to  38  inches;  very  late;  pubescence  gray;  flowers 
purple;  pods  medium-sized,  1|  to  2  inches  long,  compressed,  scattered, 
shattering  little;  seeds  olive-yellow,  medium-sized,  7  to  7 J  mm.  long, 
elliptical,  slightly  flattened;  hilum  burnt  umber;  germ  yellow.  Grown 
two  seasons. 

22644  C.  A  selection  in  1908.  Plants  stout,  erect,  bushy;  height,  24  to  30  inches; 
very  late;  pubescence  gray;  flowers  both  purple  and  white;  pods  medium- 
sized,  Ij^  to  2  inches  long,  compressed,  scattered,  shattering  little;  seedfl 
olive-yellow,  medium-sized,  7  to  7^  mm.  long,  elliptical,  much  flattened; 
hilum  brown;  germ  yellow.    Grown  one  season. 

22645.  From   Ilangohow,    Chekiang,    China,    1908.     Plants  stout,   erect,   bushy; 

height,  16  to  20  inches;  medium;  pubescence  ta^Tiy;  flowers  purple;  pods 
medium  large,  2  to  2^  inches  long,  tumid,  half  crowded,  shattering  mod- 
erately; seeds  olive-yellow,  medium-sized,  7^  to  8  mm.  long,  elliptical, 
much  flattened;  hilum  bister  brown;  germ  yellow.    Grown  two  eeasoofl. 
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22646.  From  Hangchow,  Chekiang,  China,  1908.  Plants  stout,  erect,  bushy;  height, 
30  to  36  inches;  very  late;  pubescence  gray;  flowers  purple;  medium-sized 
pods  large,  2  to  2}^  inches  long,  compressed,  scattered,  shattering  little; 
seeds  olive-yellow,  large,  8  to  9  mm.  long,  elliptical,  much  flattened; 
hilum  russet;  germ  yellow.    Grown  two  seasons. 

22714.  From  Saigon,  Cochin  China,  1908.  Plants  stout,  erect,  bushy;  height,  30  to 
36  inches;  very  late;  pubescence  gray ;  flowers  both  purple  and  white;  pods 
scattered;  seeds  straw-yellow,  medium-sized,  7}  to  8  mm.  long,  elliptical, 
much  flattened;  hilum  light  brown;  germ  yellow.    Grown  two  seasons. 

22874.  Vireo,    From  Tokyo,  Japan,  1908.    Plants  stout,  erect,  bushy;  height,  14 

to  18  inches;  early;  pubeecence  tawny;  flowers  both  purple  and  white; 
pods  medium-sized,  1 }  to  2  inches  long,  tumid,  crowded,  shattering  little; 
seeds  olive-yellow,  medium  small,  6  to  6}  mm.  long,  elliptical,  slightly 
flattened;  hilum  slate-color;  germ  yellow;  leaves  persist  when  pods  are 
ripening.    Grown  two  seasons. 

22875.  From  Tokyo,  Japan,  1908.    This  proved  the  same  as  Flat  King,  17252. 

22876.  From  Tokyo,  Japan,  1908.    Plants  stout,  erect,  bushy;  height,  16  to  22 

inches;  medium;  pubescence  gray  and  very  sparse;  flowers  purple;  pods 
medium-sized,  1^  to  2  inches  long,  tumid,  half  crowded,  shattering  little; 
seeds  straw-yellow,  small  to  medium,  6^  to  7}  mm.  long,  elliptical, 
slightly  flattened;  hilum  brown;  germ  yellow.    Grown  two  seasons. 

22877.  From  Tokyo,  Japan,  1908.    This  was  found  to  be  the  pame  as  Okute,  19986. 

22878.  From  Tokyo,  Japan,  1908.    This  did  not  differ  in  any  respect  from  17273. 

22879.  From  Tokyo,  Japan,  1908.    Plants  stout,  erect,  bushy;  height,  20  to  26 

inches;  medium;  pubescence  gray;  flowers  both  purple  and  white;  pods 
medium  small.  If  to  2  inches  long,  tumid,  half  crowded,  shattering 
little;  seeds  straw-yellow,  medium  small,  6^  to  7  mm.  long,  elliptical, 
much  flattened;  hilum  light  to  seal-brown;  germ  yellow.  Grown  two 
seasons. 

22880.  From  Tokyo,  Japan,  1908.    Plants  stout,  erect,  bushy;  height,  18  to  22 

inches;  medium;  pubescence  gray  (60  per  cent)  and  tawny  (40  per  cent); 
flowers  both  purple  and  white;  pods  medium-sized,  1}  to  2  inches  long, 
compressed,  half  crowded,  shattering  little;  seeds  straw-yellow,  medium- 
sized,  7)  to  8  mm.  long,  elliptical,  much  flattened;  hilum  pale  to  brown; 
germ  yellow.    Grown  two  seasons. 

22880  A.  A  selection  in  1908.  Plants  stout,  erect,  bushy;  height,  28  to  32  inches; 
medium  early;  pubescence  gray;  flowers  both  purple  and  white;  pods 
medium  large,  2  to  2 J  inches  long,  tumid,  scattered,  shattering  little; 
seeds  straw-yellow  (cloudy  saddle);  medium  lai^e,  8  to  8J  mm.  long, 
elliptical,  much  flattened;  hilum  brown;  germ  yellow.  Grown  one 
season. 

22880  B.  A  selection  in  1908.  Plants  stout,  erect,  bushy;  height,  12  to  16  inches; 
medium  early;  pubescence  gray;  flowers  purple;  pods  medium-sized,  H 
to  2  inches  long,  compressed,  crowded,  shattering  little;  seeds  chromium 
green,  medium-sized,  7 J  to  8  mm.  long,  elliptical,  much  flattened;  hilum 
brown;  germ  green.    Grown  one  season. 

22880  C.  A  selection  in  1908.  Plants  stout,  erect,  bushy;  height,  14  to  18  inches; 
yellow;  pubescence  tawny;  flowers  purple;  pods  medium-sized,  1}  to  2 
inches  long,  tumid,  half  crowded,  shattering  little;  seeds  straw-yellow 
(cloudy);  medium-sized,  6}  to  7  mm.  long,  elliptical,  slightly  flattened; 
hilum  pale;  germ  yellow.  Grown  one  season. 
22881.  From  Tokyo,  Japan,  1908.    Identical  with  Hope,  17267. 
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22535.  From  Weihsien,  China,  1908.    The  seeds  and  plants  of  this  are  idenlical 

with  Cloud,  16790. 

22536.  From  Chefoo,  Shantung,  China,  1908.    This  proved  identical  with  17857. 

22537.  From  Chefoo,  Shantung,  China,  1908.    Plants  stout,  erect,  bushy;  height, 

18  to  30  inches;  late;  pubescence  tawny;  flowers  both  purple  and  white; 
pods  medium-sized,  1}  to  2  inches  long,  tumid,  half  crowded,  shattering 
moderately;  seeds  olive-yellow,  medium-sized,  8^  to  9  mm.  long,  ellipti- 
cal, much  flattened;  hilum  pale;  germ  yellow.  Grown  two  seasons. 
This  variety  is  said  to  be  used  quite  extensively  at  Chefoo  for  the  manu- 
facture of  oil. 

22538.  From  Chefoo,  Shantung,  China,  1908.    Plants  slender,  erect,  the  tips  twin- 

ing; height,  36  to  42  inches;  medium  late;  pubescence  gray  (50  per  cent) 
and  tawny  (50  per  cent);  flowers  both  purple  and  white;  pods  medium- 
sized,  1}  to  1}  inches  long,  compressed,  scattered,  shattering  moderatdy; 
seeds  black,  medium-sized,  6  to  6}  mm.  long,  oblong,  much  flattened; 
germ  yellow.    Grown  two  seasons. 

22633.  Morgan.    From  Sheklung,  Kwangtung,  China,  1908.    Plants  slender,  erect, 

the  tips  twining;  height,  36  to  42  inches;  very  late;  pubescence  tawny; 
flowers  both  purple  and  white;  pods  medium  small,  1|  to  1^  inches  long, 
compressed,  scattered,  shattering  little;  seeds  olive-yellow,  small,  5|  to 
6  mm.  long,  elliptical,  much  flattened;  hilum  russet;  germ  yellow. 
Grown  two  seasons. 

22634.  From  Sheklung,   Kwangtung,  China,   1908.    Plants  stout,  erect,  bushy; 

height,  22  to  28  inches;  medium  late;  pubescence  tawny;  flowers  purple; 
pods  medium-sized,  1|  to  1}  inches  long,  half  crowded;  shattering  mod- 
erately; seeds  black,  medium  small,  7^  to  8  mm.  long,  elliptical,  much 
flattened;  hilum  pale;  germ  yellow.    Grown  two  seasons. 

22644.  Stmrt.    From  Hangchow,   Chekiang,   China,   1908.    Plants  stout,  oect, 

bushy;  height,  36  to  40  inches;  very  late;  pubescence  gray;  flowers  purple; 
pods  medium-sized,  1}  to  2  inches  long,  compressed,  scattered,  shattering 
little;  seeds  olive-yellow,  medium  small,  7  to  7}  mm.  long,  elliptical, 
much  flattened;  hilum  russet;  germ  yellow.    Grown  two  seasons. 

22644  A.  A  pure  field  selection  in  1908.  Plants  stout,  erect,  bushy;  height,  36  to  42 
inches;  very  late;  pubescence  tawny;  flowers  purple;  pods  mediunt-sLsed, 
1}  to  2  inches  long,  compressed,  scattered,  shattering  little;  seeds  seal- 
brown  to  olive,  medium  small,  elliptical,  6}  to  7  mm.  long,  much  flat- 
tened; hilum  pale;  germ  yellow.    Grown  one  season. 

22G44  B.  Nielsen.  A  pure  selection  out  of  the  original  seed  of  22644.  Plants  stout, 
erect,  bushy;  height,  34  to  38  inches;  very  late;  pubescence  gray;  flowers 
purple;  pods  medium-sized,  1|  to  2  inches  long,  compressed,  scattered, 
shattering  little;  seeds  olive-yellow,  medium-sized,  7  to  7J  nun.  long, 
elliptical,  slightly  flattened;  hilum  burnt  umber;  germ  yellow.  Giowi 
two  seasons. 

22644  C.  A  selection  in  1908.  Plants  stout,  erect,  bushy;  height,  24  to  30  inches; 
very  late;  pubescence  gray;  flowers  both  purple  and  white;  pods  medium- 
sized,  li  to  2  inches  long,  compressed,  scattered,  shattering  little;  seedi 
olive-yellow,  medium-sized,  7  to  7^  mm.  long,  elliptical,  much  flattened; 
hilum  brown;  germ  yellow^.    Grown  one  season. 

22645.  From   Hangchow,    Chekiang,    China,    1908.    Plants  stout,    erect,    bushy; 

height,  16  to  20  inches;  medium;  pubescence  tawny;  flowers  purple;  podi 
medium  large,  2  to  2}  inches  long,  tumid,  half  crowded,  shattering  mod- 
erately; seeds  olive-yellow,  medium-sized,  7J  to  8  mm.  long,  elliptical, 
much  flattened;  hilum  bister  brown;  genu  yellow.    Grown  two 
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22646.  From  Hangchow,  Chekiang,  China,  1908.  Plants  stout,  erect,  bushy;  height, 
30  to  36  inches;  very  late;  pubescence  gray;  flowers  purple;  medium-sized 
pods  large,  2  to  2|  inches  long,  compressed,  scattered,  shattering  little; 
seeds  olive-yellow,  large,  8  to  9  mm.  long,  elliptical,  much  flattened; 
hilum  ruBset;  germ  yellow.    Grown  two  seasons. 

22714.  From  Saigon,  Cochin  China,  1908.  Plants  stout,  erect,  bushy;  height,  30  to 
36  inches;  very  late;  pubescence  gray;  flowers  both  purple  and  white;  pods 
scattered;  seeds  straw-yellow,  medium-sized,  7}  to  8  mm.  long,  elliptical, 
much  flattened;  hilum  light  brown;  germ  yellow.    Grown  two  seasons. 

22874.  Vireo.    From  Tokyo,  Japan,  1908.    Plants  stout,  erect,  bushy;  height,  14 

to  18  inches;  early;  pubescence  tawny;  flowers  both  purple  and  white; 
pods  medium-sized,  1}  to  2  inches  long,  tumid,  crowded,  shattering  little; 
seeds  olive-yellow,  medium  small,  6  to  6^  mm.  long,  elliptical,  slightly 
flattened;  hilum  slate-color;  germ  yellow;  leaves  persist  when  pods  are 
ripening.    Grown  two  seasons. 

22875.  From  Tokyo,  Japan,  1908.    This  proved  the  same  as  Flat  King,  17252. 

22876.  From  Tokyo,  Japan,  1908.    Plants  stout,  erect,  bushy;  height,  16  to  22 

inches;  medium;  pubescence  gray  and  very  sparse;  flowers  purple;  pods 
medium-sized,  1}  to  2  inches  long,  tumid,  half  crowded,  shattering  little; 
seeds  straw-yellow,  small  to  medium,  6^  to  7}  mm.  long,  elliptical, 
slightly  flattened;  hilum  brown;  germ  yellow.    Grown  two  seasons. 

22877.  From  Tokyo,  Japan,  1908.    This  was  found  to  be  the  pame  as  Okute,  19986. 

22878.  From  Tokyo,  Japan,  1908.    This  did  not  differ  in  any  respect  from  17273. 

22879.  From  Tokyo,  Japan,  1906.    Plants  stout,  erect,  bushy;  height,  20  to  26 

inches;  medium;  pubescence  gray;  flowers  both  purple  and  white;  pods 
medium  small.  If  to  2  inches  long,  tumid,  half  crowded,  shattering 
little;  seeds  straw-yellow,  medium  small,  6)  to  7  mm.  long,  elliptical, 
much  flattened;  hilum  light  to  seal-brown;  germ  yellow.  Grown  two 
seasons. 

22880.  From  Tokyo,  Japan,  1908.    Plants  stout,  erect,  bushy;  height,  18  to  22 

inches;  medium;  pubescence  gray  (60  per  cent)  and  tawny  (40  per  cent); 
flowers  both  purple  and  white;  pods  medium-sized,  If  to  2  inches  long, 
compressed,  half  crowded,  shattering  little;  seeds  straw-yellow,  medium- 
sized,  7^  to  8  mm.  long,  elliptical,  much  flattened;  hilum  pale  to  brown; 
germ  yellow.    Grown  two  seasons. 

A.  A  selection  in  1908.  Plants  stout,  erect,  bushy;  height,  28  to  32  inches; 
medium  early;  pubescence  gray;  flowers  both  purple  and  white;  pods 
medium  large,  2  to  2f  inches  long,  tumid,  scattered,  shattering  little; 
seeds  straw-yellow  (cloudy  saddle);  medium  large,  8  to  SJ  mm.  long, 
elliptical,  much  flattened;  hilum  brown;  germ  yellow.  Grown  one 
season. 

B.  A  selection  in  1908.  Plants  stout,  erect,  bushy;  height,  12  to  16  inches; 
medium  early;  pubescence  gray;  flowers  purple;  pods  medium-sized,  H 
to  2  inches  long,  compressed,  crowded,  shattering  little;  seeds  chromium 
green,  medium-sized,  7^  to  8  mm.  long,  elliptical,  much  flattened;  hilum 
brown;  germ  green.    Grown  one  season. 

C.  A  selection  in  1908.    Plants  stout,  erect,  bushy;  height,  14  to  18  inches; 

yellow;  pubescence  tawny;  flowers  purple;  pods  medium-sized,  1}  to  2 
inches  long,  tumid,  half  crowded,  shattering  little;  seeds  straw-yellow 
(cloudy);  medium-sized,  6 J  to  7  mm.  long,  elliptical,  slightly  flattened; 
hilum  pale;  germ  yellow.    Grown  one  seajion. 

22881.  From  Tokyo,  Japan,  1908.     Identical  with  Hope,  17267. 
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23207  B.  A  pure  selection  out  of  the  original  seed.  Plants  stout,  erect,  bushy;  height 
30  to  34  inches;  very  late;  pubescence  tawny;  flowers  white;  pods  laz^, 
2^  to  2}  inches  long,  compressed,  crowded,  shattering  little;  seeds  straw- 
yellow,  large,  9  to  9}  mm.  long,  elliptical,  much  flattened;  hilum  seal- 
brown;  germ  yellow.    Grown  one  season. 

23208.  From  Tangsi,  Chekiaug,  China,  1908.    Plants  slender,  suberect,  the  tips 

twining;  height  30  to  36  inches;  very  late;  pubescence  gray;  flowere 
purple;  pods  laige,  half  crowded;  seeds  straw-yellow,  large,  7^  to  8  mm. 
long,  elliptical,  slightly  flattened;  hilum  brown;  germ  yellow.  Grown 
one  season. 

23209.  From  Tangsi,  Chekiang,  China,  1908.    Plants  stout,  erect,  bushy;  height 

24  to  28  inches;  very  late;  pubescence  gray  and  tawny;  flowers  purple; 
pods  medium  large,  2  to  2}  inches  long,  compressed,  half  crowded,  shat- 
tering little;  seeds  straw-yellow,  medium  large,  8  to  8}  mm.  long,  ellip- 
tical, slightly  flattened;  hilum  brown;  germ  yellow.  Grown  two  sea- 
sons. 
23209  A.  A  pure  selection  out  of  the  original  seed.  Plants  stout,  erect,  bushy;  height 
36  inches;  very  late;  pubescence  tawny;  flowers  white;  pods  medium- 
sized,  2  to  2\  inches  long,  compressed,  scattered,  shattering  little;  seeds 
chromium  green,  medium-sized,  7  to  7^  inm.  long,  elliptical,  slightly 
flattened;  hilum  brown;  germ  green.    Grown  one  season. 

23211.  From  Tangsi,  Chekiang,  China,  1908.     Plants  slender,  erect,  the  tips  twin- 

ing; height  30  to  36  inches;  very  late;  pubescence  both  gray  and  lawny; 
flowers  purple;  pods  large,  2  to  2 J  inches  long,  compressed,  half  crowded* 
shattering  little;  seeds  deep  brown,  medium  large,  7  to  8  mm.  long, 
elliptical,  much  flattened;  hilum  pale;  germ  yellow.  Grown  two  sea- 
sons. 

23212.  From  Hangchow,  Chekiang,  China,  1908.     Seeds  yellow,  but  none  germi- 

nated. 

23213.  From  Hangchow,  Chekiang,  China,  1908.    Plants  slender,  erect,  the  tips 

twining;  height  24  to  30  inches;  very  late;  pubescence  tawny;  flowen 
purple;  pods  half  crowded;  seeds  straw-yellow,  large,  8  to  8}  mm.  long, 
oval;  hilum  prominent  seal-brown;  germ  yellow.  Grown  one  season. 
23213  A.  A  selection  out  of  the  original  seed.  Plants  stout,  erect,  bushy;  height  20 
to  24  inches;  very  late;  pubescence  tawny;  flowers  purple  and  white; 
pods  half  crowded;  seeds  yellow  and  black,  medium  large,  7}  to  8  mm. 
long,  elliptical,  slightly  flattened;  hilum  seal-brown;  germ  yellow. 
Grown  one  season. 

23229.  Sedo.  From  Tientsin,  Chihli,  China,  1908.  Plants  stout,  erect,  bushy; 
height  20  to  26  inches;  medium;  pubescence  tawny;  flowers  purple;  pods 
medium  large,  1}  to  2}  inches  long,  tumid  scattered,  shattering  little; 
seeds  deep  brown,  very  large,  9  to  10  mm.  long,  elliptical,  much  flattened; 
hilum  pale;  germ  yellow.  Grown  two  seasons.  This  variety  is  said  to 
be  rare  and  used  only  for  human  food. 

28232.  From  Chinhuafu,  Kiangsu,  China,  1908.  Plants  slender,  erect,  the  tips 
twining;  hoi«:ht  34  to  40  inches;  very  late;  pubescence  tawny;  flowers 
purple;  po(l.s  small.  1|  to  1^  inches  long,  compressed,  scattered,  shattering 
little;  seeds  dull  brown,  small,  5^  to  6  mm.  long,  elliptical,  much  flattened; 
hilum  pale;  germ  yellow.  Grown  two  seasons.  This  variety  is  said  tc 
be  grown  on  wet  rice  lands  throughout  central  China. 
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23291.  From  Wutaishan,  Shansi,  China,   1908.    Plants  slender,  erect,  the  tips 

twining;  height  30  to  42  inches;  medium  late;  pubescence  gray  (50  per 
cent)  and  tawny  (50  per  cent);  flowers  purple;  pods  medium  small,  1^  to 
If  inches  long,  compressed,  ^scattered,  shattering  little;  seeds  black, 
medium-sized,  7  to  8  mm.  long,  oblong,  much  flattened;  germ  yellow. 
Grown  one  season.  ''This  variety  is  considered  by  the  Chinese  to  be  the 
best  food  for  their  hard-working  horses  and  mules.*' 

23292.  From  Wutaishan,  Shansi,  China,  1908.     Plants  stout,  erect,  bushy;  height 

18  to  24  inches;  medium;  pubescence  tawny;  flowers  purple;  pods 
medium-sized,  1}  to  2  inches  long,  compressed,  half  crowded,  shattering 
little;  seeds  small  to  medium,  7^  to  8  mm.  long,  elliptical,  much  flattened; 
hilum  brown.  Grown  two  seasons.  This  variety  is  said  to  be  used  all 
through  northern  China  for  making  bean  curd  and  bean  vermicelli. 

23292  A.  A  selection  out  of  the  original  seed.  Plants  stout,  erect,  bushy;  height  2G 
to  30  inches;  medium;  pubescence  tawny;  flowers  purple;  pods  medium- 
sized;  IJ  to  IJ  inches  long,  compressed,  scattered,  shattering  little;  seeds 
medium-sized,  7  to  8  mm.  long,  oblong,  much  flattened;  germ  yellow. 
Grown  one  season. 

23292  B.  A  selection  out  of  the  original  seed.  Plants  slender,  erect,  the  tips  twining; 
height  24  to  30  inches;  medium;  pubescence  tawny;  flowers  purple;  pods 
me<lium-sized,  1 J  to  2  inches  long,  compressed,  half  crowded,  shattering 
moderately;  seeds  brown,  medium-sized,  7 J  to  8  mm.  long,  oblong,  much 
flattened;  hilum  pale;  germ  yellow.    Grown  one  season. 

23292  C.  A  selection  out  of  the  original  seed.  Plants  stout,  erect,  bushy;  height  28 
to  34  inches;  late;  pubescence  tawny;  flowers  purple;  pwls  medium-sized, 
1}  to  2  inches  long,  compressed,  scattered,  shattering  little;  seeds  chro- 
mium green,  medium-sized,  7 J  to  8  mm.  long,  oblong,  much  flattened; 
hilum  seal-brown;  germ  green.     Grown  one  season. 

23296.  From  Taichow,  Chekiang,  China,  1908.     A  variety  found  growing  on  strongly 

alkaline  lands.  Plants  stout,  erect,  bushy;  height  30  to  36  inches; 
medium;  pubescence  tawny;  flowers  both  purple  and  white;  pods  medium 
sized,  IJ  to  2  inches  long,  tijmid,  half  crowded,  shattering  little;  seeds 
straw-yellow,  medium-sized,  8J  to  9  mm.  long,  elli})tical  much  flattened; 
hilum  slate-black;  germ  yellow.    Grown  two  seasons. 

23296  A.  A  selection  out  of  the  original  seed.  Plants  stout,  erect,  bushy;  height  24 
to  30  inches;  medium  late;  pubescence  tawny;  flowers  white;  pods 
medium  large,  IJ  to  2  inches  long,  compresi«ed,  half  crowded,  shattering 
moderately;  seeds  chromium  green,  medium  large,  9  to  10  mm.  long, 
elliptical,  much  flattened;  hilum  bister  brown;  germ  green.  Grown  one 
season. 

23296  C.  A  selection  out  of  the  original  seed.  Plants  stout,  erect,  bushy;  height  20 
to  24  inches;  medium;  pubescence  gray;  flowers  purple;  pods  medium- 
sized,  IJ  to  If  inches  long,  compresse<l,  half  crowded,  shattering  little; 
seeds  black,  medium-sized,  8}  to  9  mm.  long,  oblong,  much  flattened; 
hilum  pale;  germ  yellow.     Grown  one  season. 

23297.  From  Taichow,  China,  1908.     Plants  slender,  erect,  the  tips  twining;  height 

28  to  34  inches;  medium  late;  pubescence  gray  and  tawny;  flowers 
purple,  pods  medium-sized,  I  j  to  2  inches  long,  compressed,  half-crowded, 
shattering  little;  seeds  black,  medium-sized,  7*  to  8  mm.  long,  oblon'-, 
much  flattened;  hilum  pale;  germ  yellow.     Grown  two  seasons. 
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23297  A.  A  selection  out  of  the  original  seed.  Plants  slender,  erect,  the  tips  twining; 
height  30  to  36  inches;  medium  late;  pubescence  tawny;  flowers  both 
purple  and  white;  pods  large,  If  to  2J  inches  long,  tumid,  half  crowded, 
shattering  little;  seeds  brown,  large,  8  to  8 J  mm.  long,  elliptical,  slightly 
flattened;  hilum  pale;  germ  yellow.    Grown  one  season. 

23297  B.  A  selection  out  of  the  original  feeed.  Plants  slender,  suberect,  the  tips 
twining;  height  30  to  36  inches;  medium  late;  pubescence  tawny;  flowers 
both  purple  and  white;  pods  medium-sized,  IJ  to  2  inches  long,  com- 
pressed, half  crowded,  shattering  little;  seeds  straw-yellow,  medium- 
sized,  8i  to  9  mm.  long,  oblong,  much  flattened;  hilum  plate-black; germ 
yellow.  Grown  two  seasons. 
23299.  From  Tsintse,  China,  1908.  Plants  slender,  erect,  the  tips  twining;  height 
42  to  48  inches;  late;  pubescence  ta^Tiy;  flowers  purple;  pods  laige,  2 
to  2}  inches  long,  tumid,  scattered,  shattering  little;  seed  black  with 
yellow  saddle,  large,  9  to  9}  mm.  long,  elliptical,  much  flattened;  hilum 
black;  germ  yellow.  Grown  one  season.  This  is  said  to  be  a  rare  local 
variety  of  soy  bean  used  aa  a  vegetable  when  slightly  sprouted. 
23303.  From  Shiling,  Chihli,  China,  1908.  Plants  stout,  erect,  bushy;  height  14  to 
30  inches;  medium  late;  pubescence  gray  (70  per  cent)  and  tawny  (30 
per  cent);  flowers  purple;  pods  medium-sized,  IJ  to  2  inches  long,  com- 
pressed, half  crowded,  shattering  little;  seeds  straw-yellow,  medium- 
sized,  8  to  8^  mm.  long,  elliptical,  slightly  flattened;  hilum  brown  to 
nearly  black;  germ  yellow.  Grown  two  seasons.  This  variety  is  said 
to  be  used  all  through  northern  China  for  making  bean  curd  and  bean 
vermicelli. 

23303  A.  A  selection  out  of  the  original  peed.  Plants  stout,  erect,  bushy;  height  20 
to  24  inches;  medium  late;  pubescence  tawny;  flowers  purple;  pod* 
medium  large,  1}  to  2  inches  long,  compressed,  half  crowded,  shattering 
little;  seeds  chromium  green,  medium-sized;  8  to  8i  mm.  long,  elliptical, 
slightly  flattened;  hilum  black;  germ  green.    Grown  one  season. 

23305.  From   Peking,  Chihli,  China,  1908.     Seeds  yellow,  but  all  failed  to  ger- 

minate. « 

23306.  From  Peking,  Chihli,  China,  1908.     Plants  stout,  erect,  bushy;  height  30 

to  36  inches;  medium  late;  pubescence  tawny;  flowera  white;  podslaige, 
If  to  2  inches  long,  tumid,  half  crowded,  shattering  little;  seeds  black, 
large,  8 J  to  9  mm.  long,  elliptical,  slightly  flattened;  hilum  pale;genn 
green.  Grown  one  season. 
23311.  From  Shiling,  Chihli,  China,  1908.  Plants  slender,  erect,  the  tips  twining; 
height  36  to  40  inches;  late;  pubescence  tawny;  flowers  white;  pods 
medium  large,  IJ  to  2  inches  long,  compressed,  scattered,  shattering 
little;  seeds  chromium  green,  medium  large,  7i  to  8i  mm.  long,  elliptical, 
slightly  flattened;  hilum  slate-black;  germ  green.     Grown  one  season. 

23311  A.  Selected  out  of  the  original  seed.  Plants  blender,  erect;  height  32  to  86 
inches;  medium  late;  pubescence  tawney ;  flowers  both  purple  and  white; 
pods  medium-sized,  IJ  to  If  inches  long,  compressed,  shattering  little; 
seeds  black,  medium  small,  7  to  7A  mm.  long,  oblong,  much  flattened; 
hilum  pale;  germ  yellow.     Grown  one  season. 

23311  B.  A  selection  out  of  the  original  seed.  Plants  stout,  erect,  bushy;  height  30 
to  36  inches;  pubescence  tawny;  flowers  purple;  pods  medium-sized, 
1}  to  2  inches  long,  tumid,  crowded,  shattering  little;  seeds  black  and 
yellow,  medium  small,  7  to  7J  mm.  long,  elliptical,  slightly  flattened; 
hilum  pale;  germ  yellow.  Grown  one  season. 
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23312.  From  Paotingfu,  Chihli,  China,  1908.  Plants  slender,  erect;  height  24  to 
30  inches;  medium  late;  pubescence  gray;  flowers  both  purple  and  white; 
pods  medium  small,  1}  to  1}  inches  long,  tumid,  shattering  little;  seeds 
olive-yellow,  small,  6  to  6i  mm.  long,  elliptical,  much  flattened;  hilum 
pale;  germ  yellow.    Grown  two  seasons. 

23325.  From  Canton,  Kwangtung^  China,  1908.    Plants  stout,  erect,  bushy;  height 

12  to  16  inches;  medium  late;  pubescence  tawny;  flowers  purple;  pods 
medium  small,  1 J  to  If  inches  long,  tumid,  crowded,  shattering  moder- 
ately; seeds  black,  small,  6  to  6^  mm.  long,  elliptical,  much  flattened; 
hilum  pale;  germ  yellow.    Grown  one  season. 

23326.  From  Canton,  Kwangtung,  China.     Seeds  olive-yellow;  all  failed  to  germi- 

nate. 

23327.  From  Canton,  Kwangtung,  China,  1908.    Seeds  olive-yellow;  none  germi- 

nated. 

23336.  From  Shanghai,  Kiangsu,  China,  1908.     This  is  the  same  as  20798,  secured 

at  the  same  place. 

23337.  From  Shanghai,  Kiangsu,  China,  1908.     Identical  with  20797,  from  the  same 

place. 

23338.  From  Shanghai,  Kiangsu,  China,  1908.    Plants  slender,  erect,  very  leafy; 

height  48  to  60  inches ;  very  late;  pubescence  tawny;  flowers  purple;  pods 
medium-sized,  1^  to  2  inches  long,  tumid,  scattered,  shattering  little; 
seeds  brown  with  more  or  less  black  usually  in  concentric  bands,  mediimi- 
sized,  7i  to  8  mm.  long,  elliptical,  much  flattened;  hilum  pale;  germ 
yellow.  Grown  one  season.  Notes  taken  at  Jackson,  Tenn. 
23338  B.  A  selection  out  of  the  original  seed.  Plants  slender,  erect,  the  tips  twining; 
height  30  to  40  inches;  very  late;  pubescence  tawny;  flowers  purple; 
pods  scattered;  seeds  black,  large,  8  to  9  mm.  long,  elliptical,  much 
flattened;  hilum  pale;  ^erm  yellow.    Grown  one  season. 

23522.  From  Chungking,  Szechwan,  China,  1908.    Seeds  olive-yellow;  none  germi- 

nated. 

23523.  From  Chungking,   Szechwan,  China,   1908.    Plants  stout,   erect,  bushy; 

height  14  to  20  inches;  late;  pubescence  tawny;  flowers  purple;  pods 
medium-sized,  1}  to  1}  inches  long,  tumid,  crowded,  shattering  moder- 
ately; seeds  black,  medium-sized,  6 J  to  7^  mm.  long,  elliptical,  much 
flattened;  hilum  pale;  germ  yellow.    Grown  one  season. 

23544.  From  Ningyuenfu,  Szechwan,  China,  1908.     Seeds  yellow;  none  viable. 

23545.  From  Ningyuenfu,  Szechwan,  China,  1908.     Seeds  yellow;  none  grew. 

23546.  From  Ningyuenfu,  Szechwan,  China,  1908.    Plants  stout,  erect,  bushy;  height 

38  to  42  inches;  very  late;  pubescence  tawny;  flowers  purple;  pods 
small,  1}  to  1}  inches  long,  compressed,  scattered,  shattering  little;  seeds 
black,  very  small,  5  to  5i  mm.  long,  elliptical,  much  flattened;  hilum 
pale;  germ  yellow.    Grown  one  season. 

24180.  From  Soochow,  Kiangsu,  China,  1908.     Plants  stout,  erect,  bushy;  height 

14  to  20  inches;  medium  late;  pubescence  tawny;  flowers  purple;  pode 
large,  2J  to  2J  inches  long,  tumid,  crowded,  shattering  moderately;  seeds 
black,  large,  9  to  9i  mm.  long,  elliptical,  much  flattened;  hilum  pale; 
germ  yellow.    Grown  one  season. 

24181.  From  Soochow,  Kiangsu,  China,  1908.     Plants  stout,  erect,  bushy;  height 

18  to  24  inches;  medium;  pubescence  gray;  flowers  purple;  pods 
medium-sized,  1}  to  2  inches  long,  tumid,  half-crowded,  shattering 
little;  seeds  straw-yellow,  medium  large,  8  to  SJ  mm.  lonjr,  elliptical, 
much  flattened;  hilum  brown;  perm  yellow.     Grown  one  season. 

24182.  From  Soochow,  Kiangsu,  China,  1908.     Seeds  grceii;  none  viable. 
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24183.  From  Soochow,  KiaogsU)  China,  1908.    Plants  stout,  erect,  bushy;  height 

16  to  20  inches;  medium  late;  pubescence  gray;  flowers  purple;  pods 
laige,  2  to  2{  inches  long,  tumid,  crowded,  shattering  little;  seedb  olive- 
yellow,  medium-sized,  9  to  9}  mm.  long,  elliptical,  slightly  flattened; 
hilum  brown;  germ  yellow;  leaves  persist  when  pods  are  ripening. 
Grown  one  season. 

24184.  From  Soochow,   Kiangsu,  China,   1908.    Plants  slender,  erect,  the  tips 

twining;  height  36  to  42  inches;  late;  pubescence  gray;  flowers  purple; 
pods  medium-sized,  1}  to  2  inches  long,  compressed,  scattered,  8faatte^ 
ing  little;  seeds  straw-yellow,  medium-sized,  7  to  7 J  mm.  long,  ellip- 
tical, slightly  flattened;  hilum  light  brown;  germ  yellow.  Grown  one 
season. 
24610.  Trenton.  From  Trenton,  Ky.  Found  by  Mr.  S.  J.  Lea  veil  in  a  field  of  the 
Mammoth  variety  in  1904.  Plants  stout,  erect,  bushy;  height  32  to  38 
inches;  late;  pubescence  gray;  flowers  white;  pods  medium-sized,  1} 
to  2  inches  long,  compressed,  scattered,  shattering  little;  seeds  brown, 
medium  small,  6^  to  7  mm.  long,  elliptical,  much  flattened;  hilum  pale; 
germ  yellow.  Except  for  color  and  shape  of  seeds,  this  variety  is  indis- 
tinguishable from  Mammoth,  17280.    Grown  one  season. 

24641.  From  Taihoku,  Formosa,  1909.     Seeds  yellow;  all  failed  to  germinate. 

24642.  From  Taihoku,  Formosa,  1909.     Plants  procumbent,  vining,  rather  coarse; 

stems  52  to  60  inches  long;  very  late;  pubescence  tawny;  flowers  purple; 
pods  small,  1{  to  1^  inches  long,  tumid,  scattered,  shattering  little; 
seeds  black,  f^mall,  5  to  5^  mm.  long,  elliptical,  much  flattened;  hilum 
pale;  germ  yellow.  Grown  one  season.  A  variety  identical  with  this 
was  received  under  No.  24643  (Taihoku,  Formosa). 

24643.  From  Taihoku,  Formosa,  1909.     Seeds  black;  none  grew. 

24672.  From  Khasi  Hills,  Assam,  India,  1909.     Plants  stout,  erect,  bushy;  height 

42  to  48  inches;  very  late;  pubescence  tawny;  flowers  purple;  pods  small, 
IJ  to  li  inches  long,  compressed,  scattered,  shattering  little;  seeds  yel- 
low, clouded  with  brown,  small,  5J  to  6  mm.  long,  elliptical,  much 
flattened;  hilum  brown;  germ  yellow.     Grown  one  season. 

24672  A.  A  selection  out  of  the  original  seed.  Plants  slender,  erect,  the  tips  twining; 
height  36  to  42  inches;  very  late;  pubescence  tawny;  flowers  purple; 
pods  small,  1^  to  IJ  inches  long,  tumid,  scattered,  shattering  little;  seeds 
brown,  small,  5^  to  6  mm.  long,  elliptical,  much  flattened;  hilum  pale; 
germ  yellow.     Grown  one  season. 

24672  B.  A  selection  out  of  the  original  seed.  Plants  stout,  erect,  bushy;  height  24 
to  32  inches;  very  late;  pubescence  tawny;  flowers  purple;  pods  small, 
1  to  IJ  inches  long,  tumid,  scattered,  shattering  little;  seeds  straw- 
yellow,  small,  5  J  to  6  mm.  long,  elliptical,  much  flattened;  hilum  brown; 
germ  yellow.     Grown  one  season. 

24673.  From  Darjiling,  Assam,  India,  1909.     Plants  procumbent,  vining,  rather 

coarse;  stems  48  to  60  inches  long;  very  late;  pubescence  tawny;  flowers 
purple;  pods  small,  IJ  to  li  inches  long,  compressed,  scattered,  shattering 
little;  seeds  brown,  small,  5  to  51  mm.  long,  elliptical,  much  flattened; 
hilum  pale;  germ  yellow.     Grown  one  season. 

24674.  From  Darjiling,  Assam,   India,  1909.     Plants  procumbent,  vining,  rather 

coarse;  stems  48  to  56  inches  long;  very  late;  pubescence  tawny;  flowers 
purple;  pods  medium  small,  1 J  to  If  inches  long,  compressed,  scattered, 
shattering  little;  seeds  straw-yellow,  small,  6  to  6i  mm.  long,  elliptical, 
much  flattened;  hilum  brown;  germ  yellow.    Grown  one  season. 
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24675.  From  Safipur,  Unao,  United  Provinces,  India,  1909.    Plants  procumbent, 

vining,  rather  coarse;  stems  48  to  60  inches  long;  very  late;  pubescence 
tawny;  flowers  purple;  pods  small,  1}  to  1}  inches  long,  compressed, 
scattered,  shattering  little;  seeds  black,  small,  5}  to  6  mm.  long,  oblong, 
much  flattened ;  germ  yellow.  Grown  one  season.  The  following  lots,  all 
from  India,  were  found  to  be  identical  with  this:  24676,  from  Hasangani; 
24677,  from  Ranjitpurwa;  24678,  24679,  24680,  24683,  24686,  from  Eta- 
wah;  24681,  from  Mainpuri;  24688,  from  Cawnpore;  24689,  from  Dehra 
Dun. 

24676.  From  Hasangani,  Unao,  U.  P.,  India.     Identical  with  24675. 

24677.  From  Ranjitpurwa,  Unao,  U.  P.,  India.     Identical  with  24675, 

24678.  From  Etawah,  Unao,  U.  P.,  India.     Identical  with  24675. 

24679.  From  Etawah,  Unao,  U.  P.,  India.     Identical  with  24675. 

24680.  From  Etawah,  Unao,  U.  P.,  India.     Identical  with  24675. 

24681.  From  Mainpuri,  U.  P.,  India.     Identical  with  24675. 

24682.  From  Mainpuri,  U.  P.,  India,  1909.    Plants  stout,  erect,  bushy;  height  18 

to  24  inches;  very  late;  pubescence  tawny;  flowers  purple;  pods  small, 
IJ  to  li  inches  long,  compressed,  scattered,  shattering  little;  seeds 
black,  very  small,  5  to  5i  mm.  long,  oblong,  much  flattened;  germ  yel- 
low. Grown  one  season.  Nos.  24684  and  24685,  from  Etawah,  India, 
are  identical  with  this  variety. 

24683.  From  Etawah,  Unao,  U.  P.,  India.     Identical  with  24675. 

24684.  From  Etawah,  Unao,  U.  P.,  India.     Identical  with  24682. 

24685.  From  Etawah,  Unao,  U.  P.,  India.     Identical  with  24682. 

24686.  From  Etawah,  Unao,  U.  P.,  India.     Identical  with  24675. 

24687.  From  United  Provinces,  India.     Did  not  germinate. 

24688.  From  Cawnpore,  India.    This  proved  to  be  identical  with  No.  24675. 
24689    From  Cawnpore,  India.     This  is  identical  with  No.  24675. 

24690.  From  Dehra  Dun,  U.  P.,  India.     Did  not  germinate. 

24693  to  24711,  inclusive.  Nineteen  Japanese  varieties  of  soy  beans  grown  on  Poona 
Farm,  Bombay  Presidency,  India.  All  of  these  failed  to  germinate, 
except  24695. 

24695.  From  Poona,  Bombay,  India,  1909,  originally  from  Japan.  Plants  stout, 
erect,  bushy;  height  28  to  32  inches;  late;  pubescence  gray;  flowers 
purple;  pods  medium-sized,  IJ  to  2  inches  long,  compressed,  crowded, 
shattering  little;  seeds  straw-yellow,  medium-sized,  7  to  7 J  mm.  long; 
elliptical,  much  flattened;  hilum  pale;  germ  yellow.    Grown  one  season. 

24839.  From  Shanghai,  Kiangsu,  China,  1906.     Plants  stout,  erect,  bushy;  height 

32  to  36  inches;  very  late;  pubescence  tawny;  flowers  white;  pods  large, 
2J  to  2i  inches  long,  compressed,  scattered,  shattering  little;  seeds  olive- 
yellow,  medium  large,  7 J  to  8  mm.  long;  elliptical,  slightly  flattened; 
hilum  slate-black;  germ  yellow.    Grown  four  seasons. 

24840.  From  Shanghai,  China,  1906.     Plants  stout,  erect,  bushy;  height  32  to  36 

inches;  very  late;  pubescence  gray;  flowers  purple;  pods  large,  IJ  to  2^ 
inches  long,  tumid,  scattered,  shattering  little;  seeds  straw-yellow, 
large,  8 J  to  9  mm.  long,  elliptical,  slightly  flattened;  hilum  seal-brown; 
germ  yellow.     Grown  three  seasons. 

25093.   Mammoth.    From  Hickory,  N.  C. 

25118.  From  Pithoragarh,  Kumaon  District,  India,  1909.  Plants  procumbent, 
vining,  rather  coarse;  stems  48  to  60  inches  long;  very  late;  pubescence 
tawny;  flowers  purple;  pods  small,  IJ  to  IJ  inches  long,  compressed, 
scattered,  shattering  little;  seeds  black,  marbled  with  brown,  small,  5 
to  6  mm.  long,  oblong,  much  flattened ;  hilum  pale;  germ  yellow.  Grown 
one  seascm. 
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25130.  Early  Brown.     From  Knoxville,  Tenn,  1909.     Plants  stout,  erect,  bushy; 

height  18  to  24  inches;  medium  early;  pubescence  tawny;  flowers  purple; 
pods  medium-sized,  2  to  2i  inches  long,  tumid,  half  crowded,  shattering 
little;  seeds  brown,  medium-sized,  74  to  8  mm.  long,  elliptical,  much 
flattened;  hilum  pale;  germ  yellow.  Except  for  color  of  seeds  and 
maturity,  this  variety  is  difficult  to  distinguish  from  Ito  San,  17268. 
Grown  one  season.  No.  2t5161,  from  the  Indiana  Agricultural  Experiment 
Station,  is  the  same. 

25131.  From  Knoxville,  Tenn.,  1909.     Plants  stout,  erect,  bushy;  height  30  to  36 

inches;  medium  late;  pubescence  tawny;  flowers  purple;  pods  medium- 
sized,  Ij  to  2 J  inches  long,  compressed,  half  crowded,  shattering  much; 
seeds  straw-yellow,  medium-sized,  7  to  7 J  mm.  long,  elliptical,  much 
flattened;  hilum  light  brown;  germ  yellow.    Grown  one  season. 

25133.  From  Soochow,  China,  1909.     Plants  slender,  suberect,  the  tips  twining; 

stems  48  to  60  inches  long;  very  late;  pubescence  both  gray  and  tawny; 
flowers  purple;  pods  scattered;  seeds  straw-yellow,  small,  5}  lo  6 
mm.  long,  elliptical,  much  flattened;  hilum  light  brown;  germ  yellow. 
Grown  one  season.  This  variety  is  said  to  be  the  smallest  grown  at 
Soochow,  and  is  used  only  for  bean  sprouts. 

25134.  From  Soochow,  China,  1909.    Plants  slender,  suberect,  the  tips  twining; 

stems  36  to  42  inches  long;  very  late;  pubescence  gray;  flowere  purple; 
]K)d8  large,  2^  to  2J  inches  long,  compressed,  scattered;  seeds  straw- 
yellow,  large,  9  to  9^  mm.  long,  elliptical,  slightly  flattened;  hilum  light 
brown;  germ  yellow.  Grown  one  season. 
25134  A .  A  selection  out  of  the  original  seed .  Plants  slender,  suberect,  the  tips  twining; 
stems  42  to  48  inches  long;  very  late;  pubescence  tawny;  flowers  both  pur- 
ple and  white;  pods  medium-sized,  IJ  to  IJ  inches  long,  tumid,  scattered, 
shattering  little;  seeds  straw-yellow,  medium-sized,  8  to  8i  mm.  long, 
elliptical,  slightly  flattened;  hilum  light  to  dark  brown;  germ  yellow. 
Grown  one  season. 

25135.  From  Soochow,    Kiangsu,   China,   1909.    Plants  slender,   erect,    the  tips 

twining;  height  40  to  46  inches;  very  late;  pubescence  tawny;  flowers 
purple;  pods  large,  2  to  2 J  inches  long,  scattered,  shattering  little;  seeds 
chromium  green,  large,  7i  to  8  mm.  long,  elliptical,  slightly  flattened; 
hilum  slate-colored;  germ  green.  Grown  one  season.  This  variety  may 
be  put  to  all  uses  of  the  soy,  but  in  practice  it  is  used  only  to  make  parched 
Sutt  beans,  eaten  as  a  relish. 

25136.  From  Soochow,  Kiangsu,  China,  1909.     Plants  slender,  suberect,  the  tips 

twining;  stems  48  to  56  inches  long;  very  late;  pubescence  tawny;  flowen 
purple;  pods  large,  2i  to  2i  inches  long,  compressed,  scattered,  shat- 
tering little;  seeds  brown,  very  large,  9  to  10  mm.  long;  elliptical,  slightly 
flattened;  hilum  pale;  germ  yellow.  Grown  one  season.  This  varietyis 
said  to  be  the  largest  of  all  the  soys  at  Soochow.  It  is  used  only  for 
eating  in  the  green  state,  but  may  be  used  for  all  the  soy  purposes. 

25137.  From  Soochow,  Kiangsu,  China,  1909.     Plants  procumbent,  vining,  rather 

coarse;  stems  36  to  42  inches  long;  very  late;  pubescence  tawny;  flowef? 
purple;  ikkIs  scattered;  seeds  brown  and  black,  the  colors  concentrated 
in  bands,  large,  9  to  OJ  mm.  long,  elliptical,  slightly  flattened;  hilum 
pale;  germ  yellow.     Grown  one  season. 

25138.  From  Soochow,  Kiangsu,  China,  1909.     This  is  identical  with  the  wild  soy 

bean,  No.  22428.    Grown  one  season.     (See  PI.  II,  fig.  1.) 
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25161.  Ecffly  Brovm.    From    Indiana    Agricultural    Experiment    Station,    1909. 

Identical  with  25130. 

This  variety  was  obtained  originally  by  the  Indiana  Agricultural 
Experiment  Station  from  Mr.  E.  F.  Diehl,  Leesburg,  Ind.,  who  writes 
that  he  had  two  varieties,  an  Eariy  Yellow  and  the  Early  Black,  which 
he  tested  side  by  side.  In  the  progeny,  he  noted  a  few  seeds  that  were 
partly  brown  and  yellow  in  color,  the  one  gradually  shading  into  the 
other.  Out  of  curiosity,  he  selected  and  planted  the  seeds  with  the  larg- 
est amount  of  brown  and  within  a  few  years  secured  the  brown-seeded 
variety  which  has  been  called  Early  Brown. 

Among  seeds  of  the  I  to  San  variety  grown  at  the  Kansas  Agricultural 
Experiment  Station  were  many  in  which  the  seed  was  partially  brown, 
undoubtedly  due  to  the  influence  of  crossing. 

25162.  Mammoth.    From  Columbia,  Tenn. 

25212.  From  Botanic  Gardens,  Bremen,  Germany,  1909.    This  proved  to  be  the 
same  as  21755. 
25212  A.  Black  seeds  mixed  with  the  preceding.     Produced  plants  identical  ^dth 
Buckshot,  17251. 

25437.  From  Yachow,  Szechwan,  China,   1909.     Plants  slender,  erect,   the  tips 

twining;  height48  to  56  inches;  very  late;  pubescence  gray  (60  per  cent) 
and  tawny  (40  per  cent);  flowers  white;  pods  medium-sized,  li  to  1} 
inches  long,  compressed,  scattered,  shattering  little;  seeds  straw-yellow, 
medium-sized,  6  to  6}  mm.  long,  elliptical,  slightly  flattened;  hilum 
light  brown;  germ  yellow.    Grown  one  season. 

25437  A.  A  selection  out  of  the  original  seed.  Plants  stout,  erect,  bushy;  height  32 
to  38  inches;  very  late;  pubescence  tawny;  flowers  purple;  pods  medium- 
sized,  li  to  1}  inches  long,  compressed,  scattered,  shattering  little;  seeds 
chromium  green,  medium-sized,  6i  to  7  mm.  long;  elliptical,  slightly 
flattened  hilum  russet;  germ  green.    Grown  one  season. 

25437  B.  A  selection  from  the  original  seed.  Plants  stout,  erect,  bushy;  height 
26  to  32  inches;  very  late;  pubescence  tawny;  flowers  white;  pods 
medium-sized,  1}  to  2  inches  long,  compressed,  half  crowded;  shattering 
little;  seeds  black,  medium-sized,  6  to  7  mm.  long,  elliptical,  slightly 
flattened;  hilum  pale;  germ  green.    Grown  one  season. 

25437  C.  A  selection  out  of  the  original  seed.     Plants  stout,  erect,  bushy;  height36 

to  40  inches;  very  late;  pubescence  tawny;  flowers  l)oth  purple  and 
white;  pods  medium-sized,  IJ  to  2  inches  long,  compressed,  half  crowded, 
shattering  little;  seeds  brown,  medium-sized,  6 J  to  7  min.  long,  elliptical, 
much  flattened;  liilum  pale;  germ  yellow.    Grown  one  season. 

25438.  From  Yachow,  Szechwan,  China,  1909.     Plants  slender,  erect,  the  tips  twin- 

ing: height  30  to  36 inches;  very  late;  pubescence  tawny;  flowers  white; 
pods  medium-sized,  1|  to  2  inches  long,  compressed,  scattered,  shattering 
little;  seeds  chromium  green,  medium  small,  6  to  7  mm.  long,  elliptical, 
slightly  flattened;  hilum  slate-colored;  germ  green.     Grown  one  season. 

25438  A.  A  selection  out  of  the  original  seed.     Plants  slender,  ere(  t,  the  tips  twining: 

height  34  to  38  inches;  very  late;  pubescence  both  gray  and  tawny; 
flowers  both  purple  and  white;  i)ods  medium  large,  IJ  to  2 J  inches  long, 
compressed,  scattered,  shattering  little;  seeds  olive-ycHow,  medium- 
sized,  6 J  to  7 J  mm.  long,  elliptical,  slightly  flattened;  hilum  light  brown; 
germ  yellow.    Grown  one  season. 
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25438  B.  A  selection  out  of  the  original  seed.  Plants  slender,  erect,  the  tips  twining; 
height  36  to  40  inches;  very  late;  pubescence  both  gray  and  tawny; 
flowers  white;  pods  medium-sized,  1}  to  1}  inches  long,  compreesed, 
scattered,  shattering  little;  seeds  straw-yellow,  medium-sized,  7  to  7| 
mm.  long,  elliptical,  slightly  flattened;  hilum  seal-brown;  germ  yellow. 
Grown  one  season. 
25468.  Wiscormn  Black.  From  L.  L.  Olds  Seed  Company,  Madison,  Wis.,  1909, 
secured  by  that  company  from  the  Wisconsin  Agricultural  Expeii- 
ment  Station.  Plants  stout,  erect,  bushy;  height  16  to  20  inches;  me- 
dium; pubescence  tawny;  flowers  purple;  pods  medium-sized,  li  to  If 
inches  long,  compressed,  half  crowded,  shattering  little;  seeds  black, 
medium-sized,  8  to  8}  mm.  long,  elliptical,  much  flattened;  hilum  pale; 
germ  yellow.  Grown  nine  seasons.  This  variety  has  proved  to  be  one 
of  the  earliest  growing  in  Wisconsin.  While  the  records  are  somewhat 
incomplete,  it  is  almost  certainly  the  direct  descendant  of  S.  P.  I. 
No.  5039,  received  from  Vilmorin-Andrieux  &  Co.,  Paris,  France,  1900. 

27498.  From  Peking,  Chihli,  China,  1909.    Plants  slender,  erect,  the  tips  twining; 

height  42  to  48  inches;  lato;  pubescence  gray;  flowers  lx)tli  purple  and 
white;  pods  medium-sized,  IJ-  to  IJ  inches  long,  tumid,  half  crowded,  shat- 
tering little;  seeds  chromium  green,  medium-sized,  7  to  7i  mm.  long,  ellip- 
tical, slightly  flattened;  hilum  black;  germ  green.    Grown  one  season. 

27499.  From  Ingang,  Fukien,  China,  1909.    Plants  slender,  erect,  the  tips  twining; 

height  36  to  42  inches;  very  late;  pubescence  tawny;  flowers  purple; 
pods  scattered;  seeds  straw-yellow,  5 J  to  6  mm.  long,  elliptical,  slightly 
flattened;  hilum  seal-brown;  germ  yellow.    Grown  one  season. 

27500.  From  Shanghai,  Kiangsu,  China,  1909.    Plants  stout,  erect,  bushy;  height  26 

to  32  inches;  very  late;  pubescence  tawny;  flowers  purple;  pods  medium 
large,  2  to  2}  inches  long,  compressed,  half  crowded,  shattering  little; 
seeds  straw-yellow,  medium-sized,  7  to  7 J  mm.  long,  elliptical,  mudi 
flattened;  hilum  light  brown;  germ  yellow.    Grown  one  season. 

27501.  From  Shanghai,  Kiangsu,  China,  1909.    Plants  stout,  erect,  bushy;  height 

36  U)  42  inchet?;  very  late;  pubescence  tawTiy;  flowers  purple;  pods  large, 
2§  to  2 J  inches  long,  compressed,  scattered,  shattering  little;  seeds  oliN*©- 
yellow,  cloudy,  large,  9J  to  10  mm.  long,  elliptical,  slightly  flattened; 
hilum  black;  germ  yellow.    Grown  one  season. 

THE  BEST  VARIETIES  OF  SOT  BEANS. 

It  is  difficult  to  determine  the  best  soy-bean  varieties  out  of  those 
tested,  not  only  on  account  of  the  very  large  number,  but  also  owing 
to  the  divergent  results  reached  at  the  various  places  where  they 
have  been  grown.  The  soy  bean  seems  to  be  peculiarly  subject  to 
fluctuations  brought  about  by  change  of  soil  or  change  of  climate. 
The  differences  in  behavior  of  the  same  pedigreed  seed  in  different 
places  is  often  very  striking,  so  much  so  that  it  is  difficult  to  believe 
that  it  is  the  same  variety.  Whether  these  diflerenees  are  due 
mainly  to  climate  or  to  soil  is  difficult  to  determine,  but  in  general 
the  results  indicate  that  both  factors  are  potent.  On  this  account 
it  may  very  well  be  that  the  final  conclusions  reached  by  experi- 
menters as  to  the  best  varieties  will  depend  upon  the  place  where 
the  experiments  have  been  conducted.     The  list  of  the  best  varieties 
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lere  given  is  a  tentative  one  based  primarily  upon  the  results  at 
irlington  Experimental  Farm,  but  those  obtained  in  cooperation 
fith  various  experiment  stations  have  also  been  given  due  con- 
ideration.  These  matters  should  be  given  careful  weight  by  all 
zperimental  agronomists,  as  otherwise  it  is  conceivable  that  really 
raluable  varieties  may  be  overlooked  or  may  be  too  hastily  dis- 
larded. 

Very  early. — Ogemaw,  17268. 

Early.— 'Early  Brown,  25161;  and  Vireo,  22874. 

Medium  early.— Chemie,   18227;  Auburn,  21079  A;  Merko,  20412;  Elton,   20406; 
jhestnut,  20405  B. 

Medium.— Ito  San,  17268;  Medium  Yellow,  17269;  Tashing,  20854;  Shingto,  21079; 
hran,  22379;  Brindle,  20407;  Sedo,  23229;  Lowrie,  22898  A. 

Medium  /ate.— Brooks,  16789;  Flava,  16789  A;  Cloud,  16790;  Ebony,  17254;  Haber- 
mdt,  17271;  Peking,  17852  B;  Wilson,  19183;  Taha,  21999;  Austin,  17263. 

I<tfe.— Mammoth,  17280;  Edward,  14953;  Acme,  14954;  Flat  King,  17252;  Tokyo, 
7264;  Hope,  17267;  Hollybrook,  17278;  Farnham,  22312. 

Very  iote.— Barchet,  20798;  Riceland,  20797. 
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DESCBIPTION  OF  PLATES. 

Plate  I.  Plant  of  the  wild  soy  beau,  No.  22428,  grown  in  greenhouse.  Note  Uiewy 
slender  stems,  vining  habit,  and  small,  scattered  pods. 

Plate  II.  Fig.  1. — ^Wild  soy  bean  from  Soochow,  China,  No.  25138,  grown  at  Arlioiton 
Experimental  Farm,  1908.  This  variety  could  not  be  distinguished  from  Ko. 
22428  when  grown  side  by  side.  Note  the  slender  vining  stems  and  procumbent 
habit.  Fig.  2. — Soy  bean  from  Cawnpore,  India,  No.  24689,  grown  at  Arlington 
Experimental  Farm,  1909.  This  variety  is  very  similar  in  habit  to  No.  25138,  but 
is  so  late  that  it  did  not  even  bloom  at  Arlington. 

Plate  III.  Variety  tests  of  soy  beans  at  Arlington  Experimental  Fann.  Note  the 
erect,  bushy  habit,  and  differences  in  size  and  earliness. 

Plate  IV.  Seven  varieties  of  soy  beans,  showing  types  of  habit.  No.  17852,  Meyer; 
No.  17852  B,  Peking;  No.  17263,  Austin;  No.  18259,  Pingsu;  No.  22504,  unnamed; 
No.  17278,  Hollybrook;  No.  17271,  Haberlandt. 

Plate  V.  The  same  seven  plants  shown  in  Plate  IV,  after  hanging  in  a  dry  room  for 
six  months.    All  have  shattered  badly  but  No.  17852  B,  Peking. 

Plate  VI.  Pods  of  soy  beans,  showing  range  in  size  and  shape.  Most  of  the  varietiee 
have  three  seeds  to  the  pod,  two  and  four  being  only  occasional  numbers.  (Nat* 
luul  size.) 

Plate  VII.  Soy-bean  pods;  No.  19985  L,  hairy  and  smooth  pods  from  one  heterozy- 
gote  individual;  No.  18258  0  and  No.  17278,  smooth  pods  from  heteiozygotA 
plants;  No.  22898  A,  a  variety  with  tumid  pods;  No.  19186  B,  a  variety  with, 
much-compressed  pods. 

Plate  VIII.  The  seeds  shown  on  this  plate  are  as  follows,  beginning  with  the  upper 
row  and  extending  from  left  to  right,  there  being  two  seeds  of  each  variety:  Ea» 
1,  Nos.  22882, 17278,  23297  B,  24674,  24641;  row  2,  Nos.  17251,  24180, 17252,  MK. 
22899  A;  row 3,  Nos.  25118,  23546, 17255,  24685, 16790  B,  25138;  row 4,  No8.2S^, 
23229,  20406  G,  22644  A,  19186  D;  row  5,  Nos.  20412,  22333, 17256,  20409,  28ftUA. 
row  6,  Nos.  24182,  17252  B,  17857,  17271  L,  17260;  row  7,  21079  L,  23299.  Mff:. 
17852,  20797  A;  row  8,  19985  L,  21079  M,  18258  C,  19982  A,  19982  A. 
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Fvi.  2— Plants  of  a  Soy  Bean  from  Cawnpore,  India,  No,  i 
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Plants  of  Seven  Varieties  of  Soy  Beans,  Skowinq  Types  of  Habit. 

o.  ITSSi.  Merer:  No.  n»W  B,  Peking;  No.  17J«3,  Austin;  No,  18269,  Plngsu;  No.  ^iiM.  unnamed: 
No.  17278,  Holly lirook:  No.  ir.ni.  Haberlandl. 
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Seeds  of  36  Varieties  of  Soy  Beans,  Showing  Variation  in  Size  and  Form. 

The  bottom  row  shows  peculiar  types  of  coloration  that  occur  only  on  het^rozygote  plants. 
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Claasiiication  of  soy  bean,  botanic  and  agronomic 11-12,  24-25, 37-39 
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Coffee  berry.    See  Berry,  coffee. 
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Dammann  &  ( -o. ,  introduction  of  soy-bean  varieties 30, 32, 33, 47, 57,  <iO 

Darjiling,  Assam,  India,  source  of  soy-bean  varieties 11, 70 
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Disease,  comparative  resistance  of  varieties  of  soy  bean 37 

Dolichos  soja,  description  by  Linneeus 9-10 
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Evans,  E .  E . ,  introduction  of  soy-bean  varieties 19, 28, 30, 31, 44 
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Haage  &  Schmidt,  intrcxluction  of  soy-bean  varioties 29,  30,  31,  32, 33, 59 

Haberlandt,  F.,  correlation  of  life  periods  of  soy  bean  with  amount  of  heat 16 

distribution  of  seeds  of  soy  bean 27,  28, 32, 33 
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Kaneas  Agricultural  Experiment  Station.    See  Experiments. 
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Leavell,  S.  J.,  discoverer  of  Trenton  variety  of  toy  bean 24, 70 
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Leesbuig,  Ind.,  source  of  brown-seeded  variety  of  soy  bean 73 

Life  period.    See  Maturity, 

Linn«eus  (1747,  1753),  naming  and  description  of  soy  bean 9 

Uaack.    See  Kegel  and  Maack. 

Ifadison,  Wis.,  source  of  soy-bean  variety 74 

Manchuria,  source  of  soy-bean  varieties 34, 51, 52, 56, 57 

Manipur,  culture  of  soy  bean 34 
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Maturity  of  soy  bean,  period  of  different  varieties 16-20, 24 
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Mooers,  C.  A.,  correlation  of  life  period  of  soy  bean  with  amount  of  heat 17 
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Mutation,  origin  of  new  varieties  of  soy  bean 23-24 
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Xames  ascribed  to  soy  bean 1),  10, 1 1-12,  20.  28,  29 

Neilson,  James,  culture  of  soy  bean 27. 32 

Nematodes,  development  of  immune  strains  of  soy  bean 37 

Sew  Brunswick,  N .  J.,  early  growing  of  soy  bean 27 

Kielsen,  H.  T.,  on  source  of  Buckshot  \*ariety  of  soy  bean 30 

North  Carolina  Agricultural  Experiment  Station.    See  Experiments. 

Norway,  source  of  variety  of  soy  bean U 

Kuttall,  Thomas,  first  mention  of  soy  bean  in  American  litenitiiro 20 

Odor  of  soy  bean,  fragrance  suggestive  of  lilacs 14 

Office  of  Foreign  Seed  and  Plant  Introduction,  soy  beans  imi><»rte(l 24,  2s,  30-75 

Olds  Seed  Company,  L.  L.,  source  of  soy-bean  seed 74 

Pea,  Japanese,  variant  name  for  soy  bean 2S,  46 

Peisistence  of  leaves  of  soy  bean  a  desirable  quality 36 
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Phaseolus  angularis,  probably  confused  with  soy  bean 27 
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Pods  of  soy  bean,  classification  based  on  character 12, 14, 36, 37, 7S 

Pollination.    See  Hybridization. 

Prain,  Doctor,  on  identity  of  Indian  plant 10 

Pubescence  of  soy  bean,  distinguishing  variations 13, 22, 23, 24, 25 

Regel  and  Maack,  description  of  wild  soy  bean 9 

Rhode  Island  state  experiment  station,  source  of  soy-bean  seeds 28-31, 43, 44, 47 

Richmond,  Va.,  source  of  soy-bean  seed 4S 

Roxburgh,  on  catalogue  description  of  soy  bean 11, 14 

Savi  (1824),  assignment  of  name  to  soy  bean 9 

Seed  scar.    See  Hilum. 
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importations,  independent,  or  prior  to  1898 27-31 
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Soja  angustifolia,  name  applied  to  soy  bean  by  Miquel 9 

compressa  and  elliptica,  names  applied  to  subspecies  of  soy  bean 11 

hispida,  name  applied  to  soy  bean  by  Moench 9, 11, 12 

japonica,  name  applied  to  soy  bean  by  Savi 9 

platycarpa,  group  name  applied  by  Harz  to  soy  bean 12 

sphaerica,  name  applied  to  subspecies  of  soy  bean U 

tumida,  group  name  applied  by  Harz  to  soy  bean 1^ 

Soy  bean.    See  Bean,  soy. 

sauce,  prepared  in  oriental  countries 26, 58, 72 

Sumatra,  source  of  variety  of  soy  bean 11 

Tennessee  Agricultural  Experiment  Station.    See  Experiments. 

Thorbum  &.  Co.,  J.  M.,  introduction  of  soy-bean  varieties 29, 31, 32, 41, 44,45 

Tifu,  made  from  soy  beans  in  Japan r^ 

Trans-Caucasia,  source  of  soy-bean  varieties 32 

Trenton,  Ky.,  source  of  soy-bean  variety 24. 70 

Tsu  dza,  name  applied  to  plant  in  the  Naga  Hills 10 

Tunis,  source  of  soy-bean  varieties 32 

Varieties  of  soy  bean,  catalogue 39-V4 

distinguishing  characteristics . .  12-15, 23-25, 32-33,  36-38. 39-74 
See  aUo  Bean,  soy,  varieties,  for  names  of  separate  varieties. 
Vienna,  Austria.     See  Experiments. 

Vilmorin-Andrieux  &  Co.,  introduction  of  seeds  of  soy  bean. . .  28,  32, 33,  46, 57, 58, 7-1 
Virginia  Agricultural  Experiment  Station.    See  Experiments. 

Voigt,  on  plant  in  Calcutta  Botanical  Garden 11, 14 

Watt,  George,  on  identity  and  cultivation  of  soy  bean 10, 34 

West  Branch,  Mich.,  source  of  soy-bean  varieties.    See  Evans,  E.  E. 
Wild  8oy  bean.     See  Bean,  soy,  wild. 

Wilt  of  soy  bean,  n^sistauce  to  disease  to  be  developed .- 37 

Wisconsin,  source  of  Wisconsin  Black  soy-bean  seed 74 

Wood  &  Sons,  T.  W.,  introduction  of  seeds  of  soy  bean 29, 48 

Zuccarini  (1843),  assignment  of  name  to  plant  from  Japan 9 
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AMORPHIC  BRANCHES  IN  TROPICAL  CROP 
PLANTS:  COTTON,  COFFEE,  CACAO,  THE  CEN- 
TRAL AMERICAN  RUBBER  TREE,  AND  THE 
BANANA. 


INTBODUCTION. 

It  has  been  known  for  a  long  time  that  some  species  of  plants  have 
two  or  more  forms  of  branches,  but  such  specializations  have  been 
looked  upon  as  botanical  curiosities  rather  than  as  having  practical 
significance  in  agriculture.  Several  of  the  most  important  economic 
species  of  the  Tropics  have  now  been  found  to  have  two  or  more 
different  and  distinct  kinds  of  branches  regularly  present  on  every 
normal  plant.  These  differences  in  the  formation  of  the  branches 
are  worthy  of  scientific  study  and  have  definite  relations  to  agri- 
cultural problems. 

The  specializations  of  the  branches  of  the  tropical  crop  plants 
are  not  mere  inequalities  of  position  and  development  like  those 
that  commonly  appear  among  the  trees  and  shrubs  of  the  temperate 
regions.  The  differences  do  not  arise  merely  from  favorable  or 
unfavorable  positions  on  the  plant  that  might  affect  the  supply  of 
food  or  the  exposure  to  sunlight.  The  two  kinds  of  branches  are  in 
most  cases  so  definitely  different  that  they  do  not  replace  or  serve  as 
substitutes  for  each  other.  The  differences  of  the  branches  have 
sometimes  been  recognized  by  individual  planters  of  coffee  or  cacao, 
but  they  have  not  received  the  study  that  the  facts  would  warrant, 
either  in  their  scientific  aspects  or  in  relation  to  practical  agricul- 
tural applications. 

As  the  best  means  of  describing  the  nature  and  extent  of  the  diver- 
sity of  branches  which  exists  in  several  of  the  more  important  tropical 
crop  plants,  it  seems  desirable  to  bring  together  in  one  report  the 
facts  of  this  kind  which  have  been  observed.  The  cultural  signifi- 
cance of  some  of  them  is  at  once  obvious  and  will  show  the  desira- 
bility of  further  study  in  this  class  of  phenomena.  That  much  more 
information  of  this  kind  remains  to  be  discovered  seems  strongly  to 
be  indicated  by  the  fact  that  a  definite  diversity  of  branches  has  been 
found  in  all  of  the  principal  tropical  crop  plants  to  which  attention 
lus  been  directed  with  this  idea  in  mind. 
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STBUCTUBAL   SIONIFICANCE   OF   DIMOBFHIC   BRANCHES. 

In  attempting  to  understand  the  dimorphism  of  brandies  it  is 
desirable  to  consider  the  nature  of  the  structural  units  that  ccMnpose 
the  bodies  of  the  plants.  For  some  of  the  purposes  of  scientific  stud? 
the  individual  cells  or  the  tissues  formed  by  the  cells  of  one  kind  can 
be  considered  as  units  of  structure.  But  many  forms  of  plant  and 
animal  life  also  show  structural  units  of  a  higher  degree,  such  as  the 
many  similar  joints  or  segments  that  compose  the  bodies  of  ttie  worms 
and  centipedes  and  the  internodes  of  higher  plants.  Each  joint  is 
highly  complex  in  itself,  with  a  complete  system  of  tissues  and 
organs.  The  word  "  metamer  "  is  used  as  a  general  term  to  apply  to 
these  complex  units  of  organic  structure.  In  some  of  the  lower  forms 
of  animal  life  each  metamer  is  capable  of  an  independent  existence, 
just  as  in  some  plants  each  joint  of  the  stem  or  the  rootsto<^  if 
planted  as  a  cutting,  will  grow  into  a  new  individuaL  In  a  similar 
way  each  seedling  represents  a  single  metamer,  able  to  produce 
others. 

Two  general  "groups  of  metamers  may  be  recognized  in  plants— 
those  that  build  up  the  vegetative  parts  of  the  plant  aiid  those  that 
take  part  in  the  formation  of  the  flowers  and  fruit.  A  vegetative 
metamer  consists  of  a  joint  or  section  of  the  stem,  together  with  ft 
root  or  roots,  and  one  or  more  leaves,  as  well  as  the  hairs,  scales,  and 
other  smaller  appendages  that  belong  to  the  joint,  the  root,  or  the 
leaf. 

The  floral  or  reproductive  metamers  of  plants  are  generally  smaller 
than  the  vegetative  metamers.  The  part  that  corresponds  to  the  joint 
or  section  of  the  stem  of  a  vegetative  intemode  is  extremely  short, 
while  the  part  that  corresponds  to  the  leaf  takes  the  form  of  a  sepal, 
stamen,  or  pistil. 

A  plant  as  a  whol^  represents  a  collective  individual — a  social 
organization,  as  it  were — of  the  different  kinds  of  subordinate  meta- 
meric  individuals,  some  devoted  to  vegetative  purposes  and  some  to 
reproduction.  Botanical  writeps  have  often  referred  to  the  floral 
organs  as  transformed  leaves,  but  it  is  quite  as  reasonable  to  suppose 
that  the  leaves  represent  floral  or  reproductive  organs  that  hare 
assumed  vegetative  functions.** 

The  stamens  and  pistils  of  the  primitive  types  of  plants  are  more 
nearly  like  those  of  the  advanced  types  than  are  the  vegetative  meta- 
mers, showing  that  evolution  has  tended  more  toward  the  specializa- 
tion of  the  vegetative  parts.  Dimorphic  branches  represent  a  some- 
what  advanced   stage  of  vegetative  specialization.     A  plant  with 


«  C(K)k,  O.  F.     Origin  and  E>'olution  of  Angiosperms  through  Apospory.    Pro- 
ceedings, Washiugtou  Academy  of  Sciences,  vol.  9,  1907,  pp.  150-178 
198 


STRUCTUBAL  SIGNIFICANCE  OP  DIMOBPHIC  BRANCHES.  9 

dimorphic  branches  has  two  kinds  of  vegetative  metamers,  in  addition 
to  the  various  kinds  of  floral  or  reproductive  metamers.  In  the  cotton 
pknt,  for  example,  seven  principal  kinds  of  metamers  might  be 
enumerated :  The  two  kinds  that  compose  the  two  types  of  branches, 
(he  two  kinds  whose  specialized  leaves  form  the  involucre  and  the 
calyx,  and  the  metamers  of  the  corolla,  the  stamens,  and  the  pistils. 
Some  plants,  such  as  Broussonetia,  have  two  kinds  of  vegetative 
metamers  alternating  in  the  same  stem,  each  alternate  internode 
having  only  a  small  leaf.* 

The  diversity  of  the  metamers  does  not  end  with  the  recognition 
of  the  different  types,  for  the  individual  metamers  of  the  various 
groups  are  often  as  distinctly  different  among  themselves  as  the 
plants  they  compose,  or  even  more  so.  If  it  be  considered  that  a  plant 
is  an  aggregate  or  colony  of  metamers,  it  follows  that  causes  of  dif- 
ferences between  plants  are  to  be  sought  in  the  structure  or  behavior 
of  the  component  metamers.  Plants  with  dimorphic  branches  not 
only  have  two  kinds  of  vegetative  metamers,  but  have  them  arranged 
in  separate  series.  The  variations  of  the  higher  plants  are  much  more 
readily  appreciable  than  the  variations  of  the  higher  animals,  because 
the  same  character  is  repeated  in  the  large  number  of  internode  indi- 
viduals that  compose  the  bodies  of  plants. 

The  individuality  of  the  internodes  and  the  significance  of  this 
fact  in  the  developmental  history  of  plants  were  appreciated  over  a 
century  ago  by  Goethe,  the  great  German  naturalist  and  poet.  In  his 
poem  on  "  The  Evolution  of  Plants,"  the  series  of  changes  in  the 
forms  of  the  metamers  is  traced  from  the  seedling,  the  process  of 
plant  growth  being  used  as  an  illustration  of  the  general  idea  of  evo- 
lution from  simple  forms  of  life  to  more  complex. 

Tet  it  appears  very  simple,  when  first  we  can  see  the  new  structure. 
This  in  the  world  of  the  plants  Is  ever  the  state  of  the  child. 
Growth  is  continued  at  once,  one  shoot  coming  forth  from  another. 
Nodes  upon  nodes  towering  up,  all  repeating  the  form  of  the  first. 
Still  they  are  not  quite  the  same;  in  manifold  ways  they  are  varied. 
Each  of  the  leaves,  as  you  see,  develops  beyond  the  preceding. 
Larger,  and  sharper  in  margin,  as  well  as  more  deeply  divided. 

Not  only  the  differences  of  the  vegetative  internodes,  but  those  of 
the  internodes  that  are  modified  as  flower  stalks  and  floral  organs 
were  recognized,  as  well  as  the  sexual  differentiation  of  the  stamens 
»nd  pistils,  though  the  poem  was  published  in  1790,  three  years  before 
the  announcement  of  Sprengel's  discovery  of  the  fertilization  of 
flowers.    Comparison  of  the  series  of  gradually  modified  internodes 

°  Other  examples  of  anlsophylly  have  been  described  by  several  botanical 
writers.    See  Wiesner,  J.,  Studlen  ueber  die  Anisophyllie  troplscher  Gewaeehse, 
Sitzmigsfoerichte  der  Mathematisch-Naturwissenschaftlichen  Classe,  Kaiserllche 
Akademle  der  Wissenschaften,  Vienna,  vol.  103.  1894,  p.  625. 
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in  the  individual  plant  with  the  successive  links  of  the  chain  of  organic 
development  led  Goethe  to  the  view  that  each  plant  is  an  evidence  of  a 
general  law  of  evolution. 

Every  plant  will  declare  it,  the  law  of  the  aidless  creation. 
Every  flower  will  repeat  it,  louder  and  loader  the  voice. 

SIMTTiARTTY    OF    DIMORPHIC    BBANCHES    TO    ALTERNATING 

GENERATIONS. 

Darwin  also  recognized  the  individuality  of  the  internodes  of  plants, 
though  apparently  without  attaching  an  evolutionary  significance  to 
the  fact,  no  reference  being  made  to  it  in  "  The  Origin  of  Species.'' 
Attention  has  been  called  by  Mr.  Argyle  McLachlan  to  an  interesting 
paragraph  in  another  work,  in  which  Darwin  draws  a  comparison 
between  the  leaf  buds  of  plants  and  the  individual  animals  that  build 
up  the  branching  colonies  of  zoophytes: 

The  examination  of  these  compound  animals  was  always  very  interesting  to 
me.  What  can  be  more  remarkable  than  to  see  a  plant-like  body  producing  u 
egg,  capable  of  swimming  about  and  of  choosing  a  proper  place  to  adhere  to. 
which  then  sprouts  into  branches,  each  crowded  with  innumerable  distinct 
animals,  often  of  complicated  organizations.  The  branches,  moreover,  as  we 
have  Just  seen,  sometimes  possess  organs  capable  of  movement  and  independent 
of  the  polypi.  Surprising  as  this  union  of  separate  Individuals  in  a  conuDOO 
stock  must  always  appear,  every  tree  displays  the  same  fact,  for  buds  must  be 
considered  as  individual  plants.  It  is,  however,  natural  to  consider  a  polypus, 
furnished  with  a  mouth,  intestines,  and  other  organs,  as  a  distinct  individual, 
whereas  the  individuality  of  a  leaf  bud  is  not  easily  realized ;  so  that  the  union 
of  separate  individuals  in  a  common  body  is  more  striking  in  a  coralline  tlian 
in  a  tree.  Our  conception  of  a  compound  animal,  where  in  some  respects  tlie 
individuality  of  each  is  not  completed,  may  be  aided  by  reflecting  on  the  produc- 
tion of  two  distinct  creatures,  by  bisecting  a  single  one  with  a  knife,  or  where 
nature  herself  performs  the  task  of  bisection.  We  may  consider  the  polypi  in 
a  zoophyte,  or  the  buds  in  a  tree,  as  cases  where  the  division  of  the  individual 
has  not  been  completely  effected.  Certainly  in  the  case  of  trees,  and  Jndginf 
from  nnalogy  in  that  of  corallines,  the  individuals  propagated  by  buds  seem  more 
intimately  related  to  each  other  than  eggs  or  seeds  are  to  their  parenta  It 
seems  now  pretty  well  established  that  plants  propagated  by  buds  all  partake  of 
a  common  duration  of  life,  and  it  is  familiar  to  every  one  what  singular  and 
numerous  peculiarities  are  transmitted  with  certainty  by  buds,  layers,  and 
grafts,  which  by  seminal  propagation  never  or  only  casually  reappear." 

It  is  plain  from  this  passage  that  Darwin  considered  the  intemodal 
structure  of  plants  as  a  method  of  vegetative  propagation  of  new 
individuals  rather  than  as  an  example  of  successive  stages  of  evolu- 
tionary progress.  This  becomes  the  more  evident  from  his  compari- 
son of  the  results  of  vegetative  propagation  with  those  obtained  by 
sexual  reproduction.  The  general  tendency  to  uniformity  among 
vegetative  individuals  lends  greater  significance  to  differences  that 

«  Darwin,  Charles.    Journal  of  Researches,  end  of  chapter  9. 
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^gularly  appear  among  vegetative  internodes  of  the  same  plant, 
dimorphic  branches  and  similar  specializations  show  that  change  of 
:haracters  in  vegetative  internodes  is  a  definite  phenomenon  in  the 
ievelopment  of  plants,  like  changes  that  take  place  during  the  de- 
velopment of  many  animals.  Much  evolutionary  importance  has 
jeen  attached  by  zoologists  to  the  recapitulation  of  ancestral  char- 
icters  in  embryos,  as  well  as  to  metamorphosis  and  alternation  of 
generations.  All  of  these  phenomena  find  their  parallels  among 
ilants,  though  botanists  have  given  them  relatively  little  attention. 

The  evolutionary  development  of  the  various  degrees  of  specializa- 
tion of  the  branches  of  such  a  plant  as  the  cotton  becomes  more  com- 
prehensible if  we  compare  it  with  the  stages  through  which  a  simple 
berb  would  naturally  pass  in  attaining  the  stature  and  habit  of  a 
branching  shrub  or  tree.  Many  small  herbs  bear  single  terminal 
flowers,  but  in  plants  that  have  increased  in  size  and  complexity  ter- 
minal flowers  are  replaced  by  axillary  flowers  or  flower  clusters,  and 
these  tend  in  turn  to  grow  out  into  branches,  able  to  subdivide  still 
further  and  bear  larger  and  larger  numbers  of  flowers. 

In  the  cotton  plant  the  primary  branches  have  now  become  as 
sterile  as  the  main  stem,  and  the  extra-axillary  branches  that  nor- 
mally bear  the  fruit  also  have  the  power  .of  changing  over  into  sterile 
limbs,  the  production  of  fruit  being  deferred  to  a  later  generation 
of  branches  to  enable  the  plant  to  construct  a  larger  vegetative 
framework. 

The  main  stem  and  the  one  or  more  series  of  vegetative  branches 
which  intervene  between  the  germination  of  the  seed  and  the  forma- 
tion of  another  flower  correspond  to  several  generations  of  the  vege- 
tative parts  of  a  simple  herb  and  might  also  be  compared  to  the  vege- 
tative generations  of  the  plant  lice  and  other  lower  animals  that  are 
able  to  propagate  for  several  generations  by  simple  vegetative  sub- 
division, instead  of  requiring  sexual  reproduction  for  each  genera- 
tion of  new  individuals,  as  among  the  higher  animals.  The  relations 
between  the  sterile  and  the  fertile  branches  of  cotton  and  of  other 
plants  that  have  dimorphic  branches  afford  a  rather  close  parallel 
to  the  original  examples  of  the  phenomenon  of  alternation  of  gen- 
erations, though  they  are  not  comparable  to  the  changes  that  occur 
in  the  life  histories  of  the  liverworts,  mosses,  and  ferns  which  botan- 
ical text -books  commonly  describe  as  alternation  of  generations.** 

A  shrub  or  tree  may  be  thought  of  as  a  colony  or  complex  of  many 
individual  branches  each  corresponding  to  a  separate  plant  in  a 
species  of  smaller  shrubs  or  herbs.  Dimorphism  of  branches  means 
that  there  are  two  kinds  of  these  branch  individuals  that  follow  each 


•Cook,  O.  F.,  and  Swingle.  W.  T.    Evolution  of  Cellular  Structures.     Bulletin 
81,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  1905. 
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other  in  definitely  alternating  sequences.  The  seeds  of  the  cotton, 
coffee,  and  many  other  species  do  not  grow  at  first  into  plants  simi- 
lar to  the  branches  which  produced  the  seeds.  The  seedlings  at  first ; 
develop  upright  sterile  stems  and  a  series  of  vegetative  branches.  I 
Another  type  of  branches  is  formed  for  the  production  of  flowers  nni 
fruit,  and  then  there  may  be  no  return  to  the  c<Hidition  of  the  uprigfal 
main  stem  and  the  purely  vegetative  limbs  except  by  way  of  the 
and  seedlings. 

In  some  plants  the  formation  of  different  kinds  of  vegetative  ini 
nodes  is  more  specialized  in  relation  to  time,  the  whole  plant  goi 
over  from  one  habit  of  growth  or  form  of  foliage  to  another.    In 
eucalyptus  and  in  many  coniferous  trees  related  to  the  juniper  tb 
is  a  juvenile  form  of  foliage  altogether  different  from  that  of  t 
adult  trees.    This  phenomenon  is  not  to  be  confused  with  the  simp] 
dimorphism  of  branches  shown  in  the  tropical  crop  plants,  tho 
some  of  the  Coniferse  have  this  as  well  as  the  other.    Cuttings 
lateral  branches,  not  being  able  to  replace  the  main  axis,  do  not 
produce  the  form  of  the  parent  tree.     Some  of  the  Conifera^  p; 
duce  a  juvenile  type  of  foliage  only  in  excepticmal  cases  of  bud 
version,  which  may  even  be  confined  to  buds  forced  from  the 
of  the  cotyledons,  as  explained  by  Beissner  and  Beyerinck.* 

DIFFEBEKT  TYPES  OF  DIMOBPHIG  BBAITCHSS. 

It  is  easier  to  describe  and  compare  the  dimorphic   forms 
branches  in  the  several  species  of  cultivated  plants  if  we  consider 
advance  a  general  difference  of  function.    Some  branches  have 
same  form  and  functions  as  the  axis  or  main  stem  of  the  plant,  w 
others  are  more  or  less  restricted  to  the  bearing  of  fruit  or  to  o 
special  purposes.    The  specializations  of  the  branches  show  vari 
directions  and  degrees  in  different  species  and  varieties  of  plants, 
in  each  case  it  is  possible  to  distinguish  between  branches  that 
more  similar  to  the  main  trunk  and  those  that  are  less  similar. 

In  the  present  report  the  word  "  limb  "  is  used  as  the  general  naa  ^ 
for  branches  that  are  unspecialized  or  that  are  specialized  for  vea  "^ 
tative  functions  instead  of  for  fruiting.    The  limbs  continue  3*"* 
growth  and  share  the  functions  of  the  trunk  or  main  stem  of  d  ' ' 
plant.^    Limbs  mav   have   vegetative   functions  only  and    may  T^ 

— • : .i^i 

^  Beissner,  L.  IJeber  Jiigendformen  von  Pflanzen,  specleH  von  Ck)nlferen,  BerM* ,,. 
fiber  die  Verhandlungen  der  deutsehen  botanlschen  Geaellschaft,  vol.  6,  ISI 
p.  Ixxxiii.     Beyerinck,  M.  W.     Beissner's  Untersuchungen  tieber  der  Retiiif  ^'' 
porafrage,  Botanlsche  Zeitung,  vol.  48,  1800,  p.  518. 

'^In  the  diagrams  that  Ilhistrate  the  habits  of  branching  In  this  report  (|  ,^ 

vegetative  limbs  are  drawn  in  solid  lines  like  the  main  stem,  while  the  nroiH  ^^^ 

branches  are  indicated  by  broken  lines.     (See  figs.  1-7.)  .f- 
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ble  to  bear  flowers  or  fruit.  Branches  that  bear  fruit  may  be 
"espondingly  restricted  on  the  vegetative  side.  Different  species 
varieties  of  plants  are  so  unlike  that  no  general  principle  of 
sification  can  be  applied  except  that  of  distinguishing  between 
different  forms  of  specialization. 

"he  most  useful  distinction  between  limbs  and  other  forms  of 
iches  relates  to  differences  of  functicm  rather  than  to  the  structure 
positions  of  the  parts.  In  the  cotton  plant,  for  example,  the 
Qary  branches  function  as  limbs,  while  in  the  Central  American 
ber  tree  they  are  definitely  specialized  for  fruiting  and  do  not 
ame  permanent  parts  of  the  tree.  They  die  and  drop  off  after 
J  have  borne  two  or  three  crops  of  fruit. 

rhe  branches  that  arise  from  extra-axillary  buds  also  have  their 
ictions  reversed  in  the  two  cases.  In  the  rubber  tree  the  extra- 
Uary  buds  produce  limbs  but  no  fruiting  branches,  while  in  the 
ton  plant  all  the  fertile  branches  arise  from  extra-axillary  buds. 

DUCOBPHIG  branches  of  the  COTTOlflr  PTiANT. 

Though  the  dimorphism  of  the  branches  of  the  cotton  plant  is  not 
1  extreme  case,  it  may  be  better  to  use  it  as  the  first  example  before 
Bsidering  the  other  tropical  plants  that  are  less  known  in  the  United 
itcs.  The  differences  are  more  striking  in  some  of  the  tropical 
Its,  but  are  no  more  significant  in  their  agricultural  bearings, 
distinctions  between  the  two  kinds  of  branches  of  the  cotton 
It  depend  upon  position  and  function  rather  than  upon  any  very 
>icuous  differences  of  form  or  structure.  This  may  explain  why 
dimorphism  of  the  branches  has  continued  to  be  overlooked  in  so 
liar  a  plant  as  the  cotton,  although  the  difference  between  ordi- 
short  fruiting  branches  and  large  basal  branches  or  ''  wood 
^  is  obvious  at  a  glance  and  is  familiar  to  all  planters.^ 
cotton  plant,  as  represented  by  the  Upland  varieties  in  general 
ivation  in  the  Southern  States,  consists  of  a  central  axis  or 
bearing  a  leaf  at  the  end  of  each  joint  or  intemoda 
ies  that  arise  from  the  axils  of  the  leaves  do  not  normallv 
fruit,  but  behave  like  divisions  of  the  main  stalk.  A  fertile 
^  arises  at  one  side,  right  or  left,  of  an  axillary  branch  or  an 
Byeloped  axillary  bud  which  may  give  rise  to  an  axillary  branch 
in  the  season.  The  position  is  usually  constant  throughout  in 
|«Qie  stalk,  so  that  the  plants  can  be  distinguished  as  right-handed 

^  brief  statement  regarding  dimorphism  of  branches  in  cotton,  see  "  Wee- 

)g  Adaptations  of  the  Cotton  Plant/'  Bulletin  88,  Bureau  of  Plant 

r.  V.  8.  Dept  of  Agriculture,  1906,  pp.  1^20.    See  also  "A  Study  of 

fty  in  Egyptian  Ck>tton,"  Bulletin  156,  Bureau  of  Plant  Industry,  TJ.  S. 

^  Agriculture,  1909,  pp.  2S-30. 
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or  left-handed  with  reference  to  the  position  in  which  their  fniiting 
branches  are  borne  along  the  main  stalk. 

On  the  fruiting  branches  this  regularity  in  the  position  of  the 
flowers  is  not  so  obvious,  for  the  joints  are  twisted  to  bring  all  tin 
leaves  to  the  sides  and  all  the  flower  buds  on  top.  The  flower  bads 
appear  between  the  bases  of  the  stipules,  sometimes  nearer  the  rights 
hand  stipule,  sometimes  nearer  the  left  The  stipule  that  is  close  to 
the  base  of  the  flower  stalk  is  usually  larger  than  the  other. 

Antidromy,  as  the  condition  of  right  and  left  handedness  of  planti 
has  been  called,  consists  in  the  fact  that  the  stems  of  the  different  indi^ 
vidual  plants  reverse  the  direction  of  the  spirals  in  which  the  leayei 
and  branches  are  arranged.  On  some  cotton  plants  the  extra -axillaij 
branches  occur  on  the  right  side  of  the  axillary  branches;  in  othec 
individuals  on  the  left  side.  If  a  stalk  on  which  the  extra-axillaiy 
buds  appear  to  the  right  of  the  axillary  buds  be  considered  rigfati 
handed,  the  turn  of  the  spiral  will  pass  to  the  right  in  going  by  tin 
shortest  route  from  any  given  branch  to  the  one  above.  Thus  it 
appears  that  the  extra-axillary  bud  is  always  above  the  axillary,  in 
the  sense  that  it  is  farther  up  the  spiral. 

In  all  the  different  species  and  varieties  of  cotton  thus  far  exam- 
ined right-handed  and  left-handed  stalks  seem  to  be  about  equally 
numerous.  As  the  Guatemalan  types  in  which  the  branch  dimixv 
phism  was  first  studied  had  never  undergone  close  selection,  the  queft- 
tion  was  raised  whether  among  the  carefully  bred  American  varietia 
there  might  not  be  specializations  toward  one  direction  of  the  spiraLj 
No  indication  of  this  was  found  in  a  large  series  of  varieties  studied) 
by  Mr.  F.  J.  Tyler  at  Waco,  Tex.  Seeds  from  the  same  boll  were 
also  found  to  give  about  equal  proportions  of  right-handed  and  left- 
handed  seedlings.  The  possibility  remained  that  the  direction  of  thoi 
spiral  may  be  determined  in  advance  by  the  positions  in  which  thft 
seeds  develop  on  the  placenta.  To  test  this  theory  seeds  from  twoj 
rows  of  the  placenta  were  planted  separately,  but  gave  right  and 
left  handed  plants  without  reference  to  the  position  on  the  placeDta.! 
The  manner  in  which  this  diversity  arises  remains  unexplained. 

The  axillary  buds  have  been  found  in  all  the  types  and  varietid 
of  cotton  thus  far  observed,  but  they  are  often  very  small  anl 
dormant.  They  may  all  remain  undeveloped  unless  the  plant  is  cd^ 
back  or  severely  checked  by  unfavorable  conditions.  In  many  kind^ 
of  cotton  both  types  of  branches  are  commonly  to  be  found  on  thflj 
same  plant. 

The  difference  between  the  two  kinds  of  branches  was  first  appre- 
ciated in  Guatemala  in  connection  with  the  indigenous  Kekchi  cottoiLi 
The  lower  joints  of  the  main  stem  of  the  Kekchi  cotton  usually  pro-, 
duce  two  branches,  one  a  fertile  branch  witt  flowers  and  fruit,  ib» 
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ther  a  sterile  limb  with  leaves  only.  It  was  noticed  also  that  the 
ranches  that  bear  the  flowers  arise  in  the  same  position  as  the  flowers 
liemselves — not  in  the  axils  of  the  leaves,  but  at  the  side  of  the 
nllary  bud. 

The  axillaiy  branches  of  cotton  function  normally  as  equivalents 
f  the  main  stem  in  the  sense  that  they  do  not  bear  any  flowers  or 
niits  except  in  the  indirect  way  of  producing  other  branches  of  the 
ertile  sort  from  extra-axillary  buds.  Fertile  branches  borne  by  the 
lain  stem  of  a  cotton  plant  may  be  called  primary  fruiting  branches; 
liose  that  come  from  limbs  may  be  called  secondary  fruiting 
ranches.  Normal  fruiting  branches  of  both  kinds  bear  a  flower  bud 
t  each  node.  Secondary  limbs  may  be  produced  from  primary 
imbs,  or  even  from  axillary  buds  of  the  fruiting  branches,  especially 
f  a  plant  has  been  injured  or  pruned  or  suddenly  forced  into  renewed 
rowth  late  in  the  season.  Only  in  rare  and  abnormal  cases  is  a  flower 
ome  directly  on  a  branch  that  arises  from  an  axillary  bud. 

It  is  the  normal  habit  of  some  varieties  to  develop  vegetative  limbs 
rom  axillary  buds  along  with  the  fruiting  branches  that  come  from 
he  extra-axillary  buds,  as  in  the  Kekchi  cotton  of  Guatemala.  Some 
arieties  do  not  have  true  axillary  branches,  but  develop  limbs  from 
he  extra-axillary  buds  of  the  main  stem,  the  production  of  flowers 
«ing  deferred  until  fertile  branches  can  be  produced  on  the  limbs, 
rhis  is  sometimes  the  case  with  the  Pachon  cotton  of  western  Guate- 
nala  and  with  the  Kabinal  cotton  of  the  central  plateau  region.  In 
n  experiment  with  the  Pachon  cotton  at  Lanham,  Md.,  no  axillary 
imbs  were  produced,  each  node  bearing  only  an  extra-axillary  limb, 
n  another  experiment  at  Trece  Aguas,  Alta  Vera  Paz,  Guatemala, 
he  Pachon  cotton  showed  nearly  the  normal  habit  of  the  Upland 
jrpe  of  cotton,  bearing  most  of  its  crop  directly  on  fertile  primary 
tranches,  sending  out  small  primary  limbs  only  in  the  latter  part  of 
he  season. 

In  the  Old  World  cottons  {Gossypinm  herhaceum)  and  the  Sea 
island  cottons  it  is  not  usual  for  the  plants  to  develop  true  axillary 
imbs  to  functional  size.  If  the  other  branches  are  injured  or  stunted, 
he  axillary  limbs  may  push  out  a  few  leaves. 

In  the  Egyptian  cotton,  also,  there  is  a  very  general  tendency  to 
levelop  vegetative  limbs  as  well  as  the  fertile  branches  from  extra- 
ixillary  buds.  The  axillary  buds  usually  remain  dormant  unless 
m  injury  or  other  abnormal  condition  forces  them  into  growth, 
it  the  base  of  the  main  stalk  it  is  often  difficult  to  see  that  the  limbs 
Jonae  from  extra-axillary  buds,  but  a  little  farther  up  it  becomes 
>bvious  that  both  the  limbs  and  the  fruiting  branches  have  extra- 
willary  positions  on  the  same  side  of  the  axillaiy  bud,  with  much 
regularity.    Finally,  some  varieties  of  Upland  cotton  may  not  form 
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any  vegetative  branches,  though-  extra-axillary  limbs  and  even  axil 
lary  limbs  may  be  formed  by  the  same  varieties  when  grown  unde 
conditions  that  favor  a  large  development  of  the  vegetative  parts. 

In  the  so-called  ^^  cluster  '^  cottons  it  often  happens  that  one  a 
more  buds,  or  bolls,  appear  to  be  borne  on  short  axillary  branches,  bn 
careful  examination  will  usually  show  that  the  fruit  does  not  com 
directly  fromi  the  axillary  branch  itself,  but  belongs  to  a  very  shoil 
fertile  branch  arising  from  the  axillary.  In  the  Egyptian  cotton  i 
short  fertile  branch  is  often  pushed  out  from  one  side  of  the  dormanl 
bud  that  represents  an  undeveloped  axillary  branch.  Sometimes  thi 
bud  that  represents  an  undeveloped  axillary  branch  is  carried  up  i 
little  on  the  base  of  the  extra-axillary  branch.  After  this  has  oc 
curred,  a  branch  that  arises  from  the  axillary  bud  appears  to  be  bonu 
by  the  extra-axillary  branch  rather  than  by  the  main  stem  of  th 
plant.  This  impression  may  be  strengthened  still  further  if  tb 
axillary  bud  or  the  fruiting  branch  to  which  it  sometimes  gives  ria 
be  changed  into  flower  bud,  as  in  the  cluster  cottons  that  show  ti 
abnormal  propensity  toward  fruit  production.  Sometimes  the  nor 
mal  extra-axillary  fruiting  branch  is  also  replaced  by  a  single  flowei 
bud,  so  that  three  flower  buds  may  appear  to  come  from  each  of  tb 
nodes  of  the  main  stem  instead  of  the  more  normal  complement  of  i 
limb  and  a  fertile  branch. 

In  varieties  of  cotton  that  are  not  inclined  to  produce  true  axil 
lary  limbs,  the  extra-axillary  branches  usually  assume  the  func- 
tions of  limbs;  that  is,  they  produce  flowering  branches  instead  d 
bearing  the  flowers  themselves.  A  true  axillary  limb  seldom  stand: 
alone  on  the  main  stem,  but  is  almost  invariably  accompanied  or  pre 
ceded  by  a  fertile  branch.  The  insertion  of  a  limb  and  a  branch  cloa 
together,  at  the  same  node,  makes  it  easy  to  ascertain  whether  true 
primary  limbs  are  present  or  limbs  that  represent  fruiting  branches 
transformed  for  vegetative  purposes. 

The  leaves  of  the  vegetative  limbs  and  those  of  the  main  stem  are 
larger  and  have  relatively  longer  petioles  than  those  of  the  fruiting 
branches.  Another  definite  difference  between  the  leaves  of  the  main 
stem  and  those  of  the  fertile  branches  has  been  noticed  bv  Mr.  Bow- 
land  M.  Meade  in  the  Triumph  variety  of  Upland  cotton.  The 
leaves  of  the  main  stem  have  nectaries  on  three  of  the  veins,  whiltf 
those  of  the  fertile  branches  have  only  the  one  nectary,  on  the  back 
of  the  midrib.  When  the  fruiting  branches  are  shortened,  as  often 
happens  in  the  Egyptian  cotton,  the  petioles  of  their  leaves  are  also 
greatly  reduced  in  length,  a  step  toward  the  still  more  distinctly  a^ 
normal  condition  where  the  leaves  of  the  shortened  fertile  branches 
begin  to  show  some  of  the  characteristics  of  the  involucral  bracts. 
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In  types  of  cotton  that  have  a  normal  development  of  branches  an 
axillary  bud  yields  only  a  sterile  vegetative  branch  or  limb.  From 
extra-axillary  buds  three  things  may  come:  (1)  Flowers,  (2)  fertile 
branches  bearing  a  series  of  flower  buds,  one  at  each  node,  and  (3) 
extra-axillary  limbs  having  the  position  of  fertile  branches  but 
sharing  the  form  and  function  of  the  axillary  limbs. 

VARIOUS   FORMS  OF  FRUITING  BRANCHES. 

As  the  fruiting  branches  represent  a  specialized  feature  of  the  cot- 
ton plant,  it  is  not  surprising  that  different  stages  of  specialization 
ire  found  in  the  fruiting  branches  of  the  various  species  and  varie- 
ties of  cotton.  Though  the  general  distinctions  between  the  vegeta- 
tive limbs  and  the  fertile  branches  apply  to  all  fornis  of  cotton  thus 
far  examined,  definite  differences  often  appear  between  the  fruiting 
>ranches  of  different  varieties  and  even  among  the  individual  mem- 
)ers  of  the  same  variety;  and  since  these  differences  in  the  methods 
)f  producing  the  fruit  are  of  direct  agricultural  importance,  it  is 
irorth  while  to  understand  them  in  detail. 

In  a  general  botanical  sense  it  might  be  said  that  the  fruiting 
>ranches  of  all  kinds  are  intermediate  between  the  vegetative  limbs 
md  the.  flowers,  for  botanists  consider  that  each  flower  of  a  plant 
represents  a  shortened  branch.  The  range  of  specialization  of  fertile 
>ranches  lies,  therefore,  between  the  limb  and  the  flower.  The  fer- 
ile  branches  of  some  cottons  are  long  and  leafy,  much  like  the  vege- 
ative  limbs,  while  in  others  they  may  be  so  much  shortened  as  to 
ippear  merely  a  part  of  the  flower  stalk.  In  the  great  majority  of 
»ses  the  fertile  branches  are  definitely  unlike  either  of  the  extremes, 
)ut  the  range  of  forms  is  completely  covered  if  the  whole  series  is 
X)nsidered. 

A  compariscMi  of  the  branches  of  the  Egyptian  cotton  with  those 
)f  the  Kekchi  cott(»i  or  with  our  United  States  X^pland  varieties  may 
Jerve  as  an  illustration  of  the  different  degrees  of  specialization 
bund  in  the  branches  in  different  types  of  cotton.  In  the  Egyptian 
M)tton  the  basal  joints  of  the  fruiting  branches  are  longer  than  in  the 
[Jpland,  while  on  the  vegetative  branches  the  basal  joints  are  shorter 
than  on  the  corresponding  branches  of  the  Upland.  In  other  words, 
the  diflferences  between  the  basal  joints  of  the  two  kinds  of  branches 
ire  much  greater  in  the  Egyptian  cotton  than  in  the  Upland  series. 
The  tendency  for  the  basal  joint  of  the  fruiting  branches  to  be  longer 
than  the  others  is  very  general,  and  likewise  for  the  basal  joints  of 
vegetative  branches  to  be  shorter,  but  in  the  Egyptian  cotton  the  con- 
trast is  more  accentuated  than  usual. 
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The  Hindi  cotton  that  figures  in  literature  as  a  contamination  o 
the  high-grade  Egyptian  stocks  shows  the  slightest  diflFerentiatio 
of  the  fruiting  branches.  These  branches  have  a  curious  zigzag  fon 
that  readily  distinguishes  them  from  the  straight  vegetative  limbs,  bu 
they  may  retain  the  nearly  upright  position  of  the  limbs  and  do  no 
appear  to  have  lost  any  of  the  vegetative  functions.  In  such  case 
the  flower  buds  are  usually  aborted  at  an  early  stage^  though  matur 
bolls  are  sometimes  found  on  branches  that  remain  more  uprigfa 
and  limblike  than  those  in  Upland  or  Egyptian  varieties. 

The  other  extremes  of  differentiation  in  the  direction  of  the  shorten 
ing  of  the  fruiting  branches  are  found  in  great  variety  among  tb 
so-called  "  cluster  "  cottons.  The  simplest  form  of  clustering  is  rep 
resented  by  a  mere  shortening  of  the  joints  of  the  fruiting  branche 
which  brings  tfie  flowers  and  bolls  closer  together  than  in  normi 
long-branched  varieties.  More  pronounced  clustering  leads  to  dense 
groupings  of  bolls  by  the  development  of  additional  flowers  on  shoi 
branches  from  the  axils  of  the  leaves  of  the  fruiting  branches.  In  it 
most  extreme  form  the  clustering  has  the  effect  of  reducing  the  num 
ber  of  bolls.  The  leaf  buds  that  normally  continue  the  growth  of  th 
branches  are  sometimes  replaced  by  flower  buds,  or  adjacent  lea 
buds  may  be  aborted  and  fall  off,  so  that  the  branch  soon  ends  witi 
a  flower  or  a  boll  and  no  more  joints  can  be  added. 

It  usually  appears  that  the  cluster  habit  is  merely  a  form  of  spe 
cialization  of  the  fruiting  branches,  for  the  vegetative  limbs  an( 
axillary  branches  are  usually  not  affected  at  all  by  the  cluster  ten 
dency.  In  other  cases  the  axillary  buds  of  the  vegetative  branchd 
as  well  as  the  terminal  buds,  may  appear  to  be  replaced  by  flowe 
buds,  though  it  is  usually  found,  on  closer  examination,  that  tb 
flower  bud  is  borne  on  a  short  fertile  branch  that  rises  from  an  other 
wise  abortive  axillary  branch. 

Finally,  it  sometimes  happens,  as  in  the  Triumph  variety  of  Upland 
cotton,  that  two  forms  of  fruiting  branches  are  regularly  produced 
The  normal  condition  with  the  Triumph  cotton  is  to  have  several  d 
the  lower  fruiting  branches  very  short  and  determinate,  so  that  some 
times  this  variety  is  erroneously  described  as  a  cluster  type. 

STERILITY    OF    INTERMEDIATE    FORMS    OF    BRANCHES. 

Botanists  are  familiar  with  the  fact  that  changes  and  substitution 
of  form  often  occur  among  the  floral  organs  of  plants.  Tiie  inosi 
familiar  change  of  this  kind  is  in  the  so-called  doubling  of  flowers 
meaning  the  addition  of  a  larger  number  of  petals  to  the  corolla. 
In  many  cases  the  number  of  stamens  decreases  as  the  petals  becom« 
more  numerous,  and  many  double  flowers  are  completely  sterile,  both 
the  stamens  and  pistils  being  transformed  into  petal-like  organs. 
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Such  changes  are  occasionally  found  in  the  flowers  of  the  cotton 
iilant,  as  when  additional  petals  are  inserted  on  the  staminal  tube. 
Sometimes  these  additional  petals  are  very  small,  as  though  individ- 
lal  stamens  had  been  changed  into  petals.  More  serious  modifica- 
tions appear  when  petals  of  nearly  normal  size  are  inserted  on  the 
Mise  of  the  staminal  tube,  which  is  then  subdivided  into  five  separate 
folumns  alternating  with  the  supernumerary  petals.  Pistils  are 
lometimes  transformed  into  supernumerary  petals,  though  the  change 
ts  seldom  complete.  Some  of  the  pistils  usually  remain  unmodified, 
>ut  the  boll  is  deformed  and  seldom  develops  to  maturity. 

In  view  of  the  occurrence  of  intermediate  conditions  between  the 
iHirts  that  are  so  profoundly  different  as  the  stamens  and  pistils,  it 
irould  naturally  be  expected  that  intermediate  stages  would  also 
iccur  between  the  two  forms  of  branches,  in  spite  of  the  fact  that 
iimorphism  represents  the  normal  condition.  Intermediate  forms 
kf  branches  do  occur,  and,  like  the  intermediate  forms  of  the  floral 
HTgans,  they  are  usually  sterile.  Not  only  do  most  of  their  flower 
mds  abort,  but  the  branches  themselves  commonly  fail  to  reach  full 
fevelopment.  They  often  wither  and  fall  off  after  producing  one  or 
mo  intemodes. 

If  such  branches  occurred  without  regularity  on  the  plant,  it  might 
le  difficult  to  determine  the  nature  of  the  abnormality,  but  they  have 
evident  relations  to  particular  varieties  and  to  definite  positions  on 
he  plants.  In  following  the  branching  habits  of  the  Egyptian  cot- 
Km  through  the  season  of  1909,  Mr.  McLachlan  noticed  the  curious 
bet  that  an  interval  of  rudimentary  or  abortive  branches  usually 
locurs  on  the  main  stem  of  the  plant,  consisting  of  two  or  three  inter- 
lodes  above  the  last  of  the  sterile  vegetative  branches  and  below  the 
Irst  normally  developed  fruiting  branch.  Even  on  large  plants  that 
lear  limbs  4  feet  or  more  in  length,  with  30  intemodes  and  up- 
ward, and  fruiting  branches  nearly  2  feet  in  length,  composed  of 
welve  intemodes,  the  intervening  nodes  are  either  quite  vacant  or 
lave  branches  only  a  few  inches  long,  usually  with  only  one  intemode, 
?ery  seldom  with  more  than  two  or  three.  Sometimes  there  is  a  more 
p^dual  transition  from  these  small  branches  to  those  of  normal 
ength,  but  there  is  a  strong  tendency  to  abortion  of  the  flower  buds 
m  all  of  the  shortened  lower  branches  of  the  fertile  form. 

As  already  suggested,  the  frequency  of  abnormal  branches  in  the 
Egyptian  cotton  may  be  connected  with  the  contamination  of  the 
Egyptian  stocks  with  the  so-called  Hindi  cotton,  a  type  related  in 
jome  respects  to  our  United  States  Upland  cotton,  but  widely  differ- 
ing in  others.  Though  the  Hindi  cotton  has  the  two  distinct  forms 
)f  branches,  they  appear  less  different  than  in  any  other  variety  in- 
duded  in  the  experiment.    It  seems  to  be  the  regular  habit  of  Hindi 
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cotton  to  shed  a  large  proportion  of  its  flowers  in  the  very  young  stages 
and  then  to  develop  the  vegetative  functions  of  these  barren  fertile 
branches  which  not  only  grow  to  large  size,  but  often  produce 
branches  of  their  own  from  axillary  buds.  In  view  of  these  habits  of 
the  Hindi  cotton,  it  does  not  appear  improbable  that  the  frequent 
tendency  of  the  Egyptian  plants  toward  abnormal,  intermediate  fonns 
of  branches  is  caused,  or  at  least  intensified,  by  admixture  with  the 
Hindi  type.  In  any  case  the  characters  of  the  branches  must  be 
taken  into  account  as  one  of  the  standards  of  selection  in  the  Egjrpdaui 
cotton,  as  well  as  in  Upland  varieties. 

In  addition  to  the  relatively  small  and  late  development  of  the 
fruiting  branches  on  vigorous,  overgrown  Egyptian  plants  a  voy 
large  proportion  of  the  flower  buds  are  aborted  and  fall  off.  Many 
of  them  are  dropped  while  still  very  small  and  even  microscopic  in 
size.  This  abortion  of  the  buds  appears  to  have  a  definite  relation  to 
the  habits  of  branching  of  the  plants.  If  the  fruiting  branches  are 
of  a  normal,  slender,  and  horizontal  form,  the  chances  of  the  buds 
being  retained  are  very  much  greater.  If,  on  the  other  hand,  the 
fruiting  branches  become  morie  robust  and  take  an  oblique  or  upri^ 
direction  and  thus  resemble  the  vegetative  branches  or  limbs,  the  buds 
almost  invariable  fall  off  while  still  very  young.  Only  the  scars  of 
the  fallen  buds  may  remain  as  a  distinction  between  the  fertile  and 
sterile  branches,  as  in  the  Hindi  cotton.  On  different  plants  and  evea 
on  different  branches  of  the  same  plant,  the  buds  attain  differeoi 
sizes  before  they  abort  and  fall  off,  and  these  different  sizes  of  thi 
buds  may  be  considered  as  marking  intermediate  stages  between  tht 
normal  fertile  branches  which  retain  their  fruit  and  the  normall] 
sterile  vegetative  branches  which  produce  no  trace  of  flowering  buda 

The  practical  point  is  that  these  intermediate  conditions  and  fomu 
of  the  branches,  even  when  they  bear  large  numbers  of  buds,  produrt 
very  little  fruit,  often  none  at  all.  The  failure  of  a  plant  to  maint^ 
the  normal  specialization  of  the  two  forms  of  branches  is  an  unde- 
sirable character  from  the  standpoint  of  acclimatization  and  breed- 
ing. There  is  not  only  a  tendency  on  the  part  of  the  newly  imported 
plants  to  increase  the  number  of  sterile  vegetative  branches  at  tfaf 
expense  of  the  fertile,  but  a  tendency  for  the  remainder  of  the  fertifc 
branches  to  become  abnormal. 

While  it  is  possible  for  a  very  large  and  vig(Hrous  plant  to  produoi 
a  good  crop  of  cotton  with  a  sufficiently  long  season,  there  can  be  d( 
regular  assurance  of  large  yields  unless  the  plants  begin  to  bear  etrl] 
in  the  season.  The  plants  must  begin  to  produce  fertile  branche 
early  in  the  season  and  numerous  buds  on  each  branch.  It  is  not  U 
be  expected  that  all  of  the  buds  of  a  fertile  plant  will  set  bdls,  oi 
that  all  the  bolls  will  reach  maturity,  but  this  only  makes  it  the  men 
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important  that  the  plants  shall  be  aMe  to  produce  enough  flower 
Inids  to  take  advantage  of  all  opportunities  for  the  setting  of  a  large 
•pop.  The  tendency  of  the  Egyptian  cotton  to  grow  larger  vegeta- 
tive branches  and  smaller  fruiting  branches  than  the  Upland  cotton 
is  responsible  for  differences  in  yield  and  earliness  between  the  two 
types. 

In  Egypt  and  in  the  cooler  parts  of  the  United  States  the  Egyptian 
»tton  produces  small,  early  plants  with  much  the  same  habit  of 
growth  as  the  Upland  cotton.  The  more  fertile  soils  and  the  greater 
heat  of  the  spring  months  in  the  Southwestern  States  induce  a  much 
QDore  luxuriant  growth,  especially  in  the  Egyptian  cotton.  The  plants 
not  only  shoot  up  to  a  very  large  size,  but  put  forth  many  vegetative 
l>ranches  from  the  base  of  the  stalk  before  any  fertile  branches  are 
formed. 

INTERMEDIATES  BETWEEN   FEHTILE   BRANCHES   AND   FIJOWERS. 

Farther  toward  the  top  of  the  plants  another  intermediate  condi- 
tion of  the  branches  is  frequently  found,  especially  in  the  Egyptian 
cotton.  The  fertile  branches  become  abnormal  by  approximation  to 
Bower  buds.  The  leaf  bud  that  would  continue  the  growth  of  a  nor- 
mal fruiting  branch  either  becomes  abortive  or  appears  to  be 
directly  transformed  into  a  flower  bud.  A  further  evidence  of  the 
abnormality  of  these  branches  is  found  in  the  fact  that  their  leaves 
are  usually  different  from  those  of  normal  fruiting  branches  and 
tend  to  take  on  the  form  of  the  floral  bracts.  The  first  and  most 
frequent  manifestations  of  this  tendency  are  found  in  the  shortening 
of  the  petiole  or  stem  of  the  leaf  and  the  enlargement  of  the  stipules — 
the  small,  pointed,  leaf-like  structures  at  the  base  of  the  petiole. 
(See  PL  I.) 

On  the  normal  fruiting  branches  the  stipules  are  always  shorter 
Burn  those  of  the  main  stem  or  vegetative  limbs,  remaining  narrow 
and  pointed;  but  on  the  abnormal,  shortened,  fruiting  branches  one 
or  both  of  the  stipules  become  broadened  and  thickened  as  in  the 
formation  of  the  floral  bracts.  In  Egyptian  cotton  it  is  easy  to  find 
all  these  abnormal  fruiting  branches  completing  a  series  of  grada- 
tions between  normal  leaves  or  completely  modified  floral  bracts. 
That  the  abnormality  of  the  branches  involves  in  this  case  the  break- 
ing down  of  the  distinctions  between  the  intemodes  of  normal  fruit- 
ing branches  and  those  of  the  more  specialized  floral  organs  is  also 
shown  by  the  fact  that  leaf-like  bracts  are  often  found  as  well  as 
bractlike  leaves,  and  that  supernumerary  petals,  divided  staminal 
tubes,  and  abnormal  pistils  are  of  frequent  occurrence  on  plants  that 
Aow  abnormal  intermediate  forms  of  branches. 
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Each  of  the  three  bracts  that  inclose  the  bud  of  the  cotton  pbuit 
represents  a  specialized  leaf  formed  by  enlarged  stipules  united  with 
a  greatly  reduced  blade.  In  Egyptian  cotton  it  often  happens  thtt 
the  leaf  subtending  a  flower  bud  does  not  retain  its  normal  size  and 
shape,  but  becomes  more  or  less  intermediate  between  a  leaf  and  a 
bract.  One  or  both  of  the  stipules  may  be  enlarged  and  united  with 
the  blade,  or  the  blade  may  remain  separate,  with  the  stalk  more  or 
less  shortened. 

The  formation  of  these  abnormal  organs  shows,  as  in  the  case  of 
the  branches,  a  failure  to  maintain  the  normal  specialization  of  the 
parts.  The  processes  of  growth  that  should  take  place  only  in  the 
bracts  are  partly  anticipated  in  the  formation  of  the  leaf,  the  result 
being  an  intermediate  expression  of  the  leaf  and  bract  characters. 
Plants  that  have  the  bractlike  leaves  are  also  likely  to  have  leaf- 
like  bracts,  more  deeply  divided  at  the  apex  than  the  normal  bracts, 
and  often  deeply  lobed  or  cleft  nearly  to  the  base. 

The  liability  of  the  normal  specializations  to  break  down  may  be 
connected  in  a  general  way  with  the  fact  of  dimorphism  of  the 
branches.  The  fertile  branches  can  be  looked  upon  as  inflorescences 
that  have  approached  the  vegetative  form  and  tend  to  revert  to  more 
determinate  conditions.  The  dimorphism  of  the  branches,  in  such 
plants  as  cotton  and  coffee,  means  that  there  are  two  kinds  of  vege- 
tative internodes,  one  forming  branches  devoted  to  purely  vegetative 
purposes,  the  other  somewhat  intermediate  between  vegetative  and 
reproductive  internodes.  Individual  internodes  which  are  accessory 
to  the  reproductive  internodes  occur  in  many  plants,  just  below  the 
flowers.  The  fruiting  forms  of  specialized  branches  are  made  up  of 
such  intermediate  or  slightly  specialized  internodes. 

The  practical  significance  of  the  abnormalities  of  the  involucre  is 
the  same  as  in  the  case  of  the  branches.  The  disturbance  of  the 
normal  processes  of  growth  are  shown  to  have  affected  more  than 
(he  mere  external  form  of  the  plants.  The  flower  buds  that  follow 
the  abnormal  bractlike  leaves  are  almost  invariably  aborted-  and 
if  the  number  of  such  abnormalities  is  large  the  plant  becomes  un- 
productive or  even  completely  sterile.  Such  abnormalities  have  been 
particularly  abundant  in  the  Dale  variety  of  Egyptian  cotton,  both  in 
1908  and  1909,  but  the  1909  planting  from  seed  raised  in  Arizona  in 
1908  shows  a  much  larger  proportion  of  normal  individuals  than 
among  the  plants  grown  from  imported  seed.  Some  of  the  plants  of 
the  Dale  cotton  have  the  strict  upright  form  of  the  so-called  limb- 
less varieties  of  Upland  cotton,  and  some  produce  no  flower  buds  in 
the  normal  place  on  fruiting  branches,  but  only  from  buds  of  short 
axillary  branches  that  appear  to  represent  transformed  leaf  buds, 
all  other  buds  being  completely  aborted.  Sometimes  all  of  the  buds 
abort  and  the  whole  plant  remains  completely  sterile. 
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An  apparent  transformation  of  the  axillary  leaf  bud  into  a  flower 
)ud  is  of  frequent  occurrence  in  some  of  the  cluster  varieties  of 
[Jpland  cotton,  but  is  also  common  in  Egyptian  cotton,  especially  in 
he  Dale  variety  that  has  the  abnormal  branches  and  bracts. 

A  transformation  of  leaf  buds  into  fniiting  buds  might  be  expected 
»  increase  the  fertility  of  the  plants,  but  this  is  not  the  result  in  the 
Egyptian  cotton  for  the  reason  that  the  most  frequent  effect  of  this 
xansformation  is  to  put  an  end  to  the  growth  of  a  fertile  branch. 
k.  growing  branch  must  have  a  leaf  bud  at  the  end,  and  if  this  ter- 
ninal  bud  is  transformed  into  a  flower,  the  branch  does  not  continue, 
ff  the  transformation  is  successfully  accomplished,  we  secure  one 
idditional  boll,  but  at  the  expense  of  a  fertile  branch  which  might 
produce  several  bolls.  The  loss  is  still  further  increased  by  the  fact 
that  the  plants  addicted  to  this  habit  of  transforming  leaf  buds  into 
Bower  buds  lose  a  very  large  proportion  of  their  buds  by  abortion. 

The  frequency  of  abnormalities  in  the  bracts  and  in  the  floral 
CM-gans  shows  a  general  disturbance  of  the  normal  process  of  heredity 
in  the  newly  imported  varieties,  such  as  frequently  attends  hybridiza- 
tion. In  the  Egyptian  cotton  varieties  it  does  not  appear  that  these 
phenomena  are  directly  connected  with  hybridization,  for  they  occur 
in  large  numbers  of  plants  that  give  no  evidence  of  admixture  of 
Hindi  or  Upland  characteristics.  Nevertheless,  the  whole  series  of 
abnormalities  may  be  considered  from  the  standpoint  of  hybridiza- 
tion, in  that  they  represent  intermediate  stages  between  organs  of 
the  plants  that  are  normally  distinct  and  different  from  each  other. 
In  each  case  there  is  a  failure  to  follow  the  normal  paths  of  develop- 
ment by  which  the  normal  individual  advances  from  the  characters 
of  the  seedling  to  those  of  the  adult  plant.  Although  a  plant  may 
have  all  of  its  characters  normally  developed  in  some  of  its  parts, 
the  parts  that  show  the  intermediate  conditions  of  the  characters  may 
be  quite  as  abnormal  as  in  any  hybrid,  and  resulting  sterility  is  quite 
the  same  from  the  practical  standpoint. 

The  study  of  the  evolution  of  plant  structures  has  led  to  the  recog- 
xdtion  of  a  phenomenon  called  translocation  of  characters,  or  homoeosis, 
the  carrying  over  into  one  part  of  the  plant  of  a  character  that  nor- 
mally appears  in  another  part,  such  as  the  manifestation  of  the  bract 
characters  by  the  next  leaf  below  the  bracts  in  Dale  cotton.** 

•Leavltt.  R.  G.  A  Vegetative  Mutant  and  the  Principle  of  Homoeosis  in 
Plants.  Botanical  Gazette,  Jannary,  1909,  p.  64. 

**  In  bomceosis  a  character  or  a  system  of  organization  which  has  been  evolved 
in  one  part  of  the  body  is  transferred  ready-made  to  another  part.  The  great 
nttfls  of  instances  are  of  the  class  called  tera  to  logical.  By  this  designation  we 
mean  substantially  that  they  are  suddenly  appearing  deviations  from  the  cus- 
tomary structures." 
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In  extreme  cases  a  single  long-stemmed  boll  may  arise  from  the 
axil  of  a  leaf  at  the  base  of  the  fertile  branch.  This  might  be  taken 
to  indicate  a  direct  transformation  of  the  axillary  bud  intx>  a  fertile 
branch ;  but  further  examination  will  usually  show,  even  on  the  same 
plant,  great  variation  in  the  pedicels  of  these  axillary  bolls,  making 
it  evident  that  they  are  not  simple  pedicels,  but  shortened  branches. 
Small  bractlike  leaves  or  stipules  are  occasionally  present,  even  on 
straight  stems,  and  sometimes  the  joint  between  the  branch  prc^r 
and  the  true  stem  or  pedicel  of  the  boll  remains  distinct,  even  when 
there  are  no  leaves  or  stipules.    (See  PL  II.) 

Where  the  axillary  branches  are  longer  and  more  definitely  jcHnted 
it  becomes  possible  to  see  that  the  bolls  are  really  borne  on  a  short 
fertile  branch  that  rises  in  turn  from  a  short  true  axillary  branch, 
instead  of  being  inserted  directly  on  the  main  stem.  A  shortened 
axillary  branch  may  represent  three  normally  independent  elements, 
an  axillary  vegetative  branch,  a  secondary  fertile  branch  borne  on 
the  axillary,  and  the  pedicel  of  the  boll,  all  fused  into  a  simple  stem. 
In  some  cases  it  is  plain  that  the  true  axillary  branch  has  remained 
entirely  undeveloped,  for  an  axillary  bud  or  bud  scar  can  often  be 
found  at  the  base  of  one  of  the  shortened  branches.  When  no  such 
mark  is  found  it  may  be  supposed  that  the  axillary  bud  was  carried 
out  by  the  growing  branch.  It  is  seld(Hn  necessary  to  suppose  that 
the  axillary  bud  is  directly  transformed  into  a  flower  bud,  since  the 
existing  conditions  can  also  be  reached  by  fusing  the  successive  joints 
together,  much  as  they  are  fused  in  the  formation  of  a.  ncHTmal  in- 
volucre. 

The  idea  of  translocation  may  be  applied  to  these  abnormalities  of 
the  Egyptian  cotton,  or  it  may  be  combined  with  the  idea  of  hybridi- 
zation, in  view  bf  the  many  intermediate  stages  between  the  parts  that 
are  noimally  quite  unlike.  The  fact  that  sterility  so  generally  ac- 
companies these  intermediate  conditions  is  a  further  reason  for  lock- 
ing upon  translocation  as  a  phenomenon  akin  to  hybridization. 
Changes  that  miglit  be  looked  upon  as  results  of  partial  transloca- 
tions of  cluiracters  might  also  be  considered  as  hybrid  metamers  or 
nietameric  hybrids.  They  represent  abnormal  intermediate  stages 
between  metamei*s  that  are  quite  unlike  when  normally  developed. 
They  indicate  an  abnormal  intermediate  expression  of  the  charac- 
ters rather  than  an  abnormal  transmission  of  characters  to  new  parts 
of  the  plant.  All  of  the  hereditary  characters  are  probably  trans- 
mitted to  all  parts  of  the  plant,  since  all  of  the  intemodes  are  able, 
directly  or  indirectly,  to  produce  flowers  and  seeds,  but  the  growth 
of  the  normal  plant  involves  the  full  expression  of  each  character 
in  the  appropriate  place  and  its  complete  suppression  in  other  parts 
of  the  plant.     Failure  of  the  pfoper  suppression  of  a  character 
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unounts  to  an  abnormality,  no  less  than  the  failure  of  a  character  to 
come  into  expression. 

These  abnormal  intermediate  forms  of  branches  might  also  be  com- 
pared to  the  hermaphrodite  individuals  that  occur  occasionally  in 
plants  that  normally  have  the  stamens  and  pistils  on  separate  in- 
dividuals, such  as  the  fig  tree,  the  date  palm,  and  the  hop  vine.  The 
dioecious  habit  is  a  condition  of  dimorphism  inside  the  species.  The 
abnormalities  of  the  intermediate  individuals  support  the  analogy  with 
hybridization.  The  behavior  of  hermaphrodite  hop  plants  has  been 
studied  recently  by  Dr.  W.  W.  Stockberger.® 

These  phenomena  are  of  interest  from  the  standpoint  of  the  study 
of  heredity  as  well  as  for  agricultural  purposes,  since  they  show  that 
characters  having  little  or  no  direct  relation  to  the  external  conditions 
may  be  seriously  affected  by  changes  of  environment.  New  conditions 
appear  to  disturb  the  functions  of  heredity,  not  only  to  bring  about 
substitution  of  characters  and  thus  cause  diversity  between  the  plants, 
bat  they  also  appear  to  break  down  specializations  inside  the  plant, 
to  disarrange  the  patterns,  as  it  were,  of  the  different  kinds  of  inter- 
node  individuals  that  form  the  normal  plant 

This  conclusion  does  not  refer  alone  to  the  fact  that  these  abnor- 
malities are  very  frequent  in  the  newly  imported  varieties  of  cot- 
ton, but  is  also  justified  by  the  fact  that  different  parts  of  the  same 
field  may  differ  distinctly  in  these  respects,  as  the  result  of  relatively 
slight  differences  of  external  conditions.  Even  in  hybrids  that  are 
showing  Mendelian  segregations  of  parental  characters  of  branching 
in  the  second  generation,  experiments  in  different  places  may  give 
very  different  results.  Hybrids  between  the  Kekchi  cott<m  of  Guate- 
mala and  the  Triumph  variety  of  United  States  Upland  cotton 
showed,  in  one  place  (Del  Rio,  Tex.),  many  Triumph-like  plants 
with  short  basal  branches,  while  at  another  place  (Victoria,  Tex.), 

"  Stockberger,  W.  W.  Some  Ck)ndltions  Influencing  the  Yield  of  Hops,  Cir- 
cular 56,  Bureau  of  Plant  Industry,  U.  S.  Dept  of  Agriculture,  1910,  p.  11. 

•**  In  some  sections  hop  vines  are  occasionally  found  which  bear  both  staminate 
and  pistillate  flowers.  Such  plants  are  known  locally  as  *  bastards,*  '  mongrels,* 
or  *  bull-hops.'  When  they  occur  they  represent  a  total  loss,  so  far  as  yield  is 
coDoemed,  since  the  few  hops  borne  by  these  vines  are  inferior  and  never 
fathered.  On  the  acre  under  consideration  there  were  only  five  of  these  plants, 
but  they  have  been  observed  in  much  greater  proportion  in  other  years  and 
In  other  localities  *  *  ♦.  In  1908  a  number  of  cuttings  were  taken  from  one 
of  these  'bastard '  plants  and  removed  to  a  locality  about  40  miles  distant 
The  vines  from  these  cuttings  came  into  flower  in  1909  and  in  every  case  re- 
prodnced  the  malformation  of  the  original  plant  from  which  they  were  taken. 
In  view  of  this  fact  care  should  be  taken  to  prevent  the  use  of  cuttings  from 
'bastard  *  plants  by  promptly  digging  them  out  and  destroying  the  roots  as  soon 
u  they  are  observed.  In  this  way  their  perpetuation  may  be  prevented  and 
tbe  Ion  in  yield  due  to  their  occurrence  avoided." 
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the  same  stxxk  of  hybrids  showed  only  long  branches  like  the  Kekchi 
parent.  Hybrids  between  Kekchi  and  McCall,  on  the  other  hand,  • 
growing  beside  the  Triumph  hybrids,  showed  the  short  "  cluster  ^ 
branches  of  the  McCall  parent  very  definitely  in  both  localities,  and 
in  approximately  Mendelian  proportions.  In  the  equable  tropical 
climate  of  Guatemala  a  planting  of  the  McCall  cotton  failed  to  give 
any  indication  of  the  cluster  habit  that  characterizes  this  vari^y  in 
the  United  States.® 

The  frequency  with  which  the  abnormal  intermediate  forms  of 
branches  occur  in  all  the  different  stocks  of  Egyptian  cotton  that  are 
now  being  grown  in  Arizona  increases  the  practical  importance  of 
this  class  of  facts.    The  behavior  of  other  types  of  cotton  duiing 

the  period  of  acclima- 
tization has  shown 
that  new  conditions  of 
growth  are  able  to  dis- 
turb the  processes  of 
hereditv  and  thus  lead 
to  many  abnormalities 
of  development  and 
often  to  the  complete 
sterility  of  the  plants, 
either  through  failure 
to  form  any  flower 
buds  or  through  the 
abortion  of  all  that  are 
formed. 

Whether  the  produc- 
tion of  these  abnor- 
mally  shortened 
branches  of  the  Egyp- 
tian cotton  is  connected 
with  the  transfer  to  new  conditions  is  not  so  plain  as  in  the  case  of 
the  abnormal  transformations  of  fruiting  branches  into  vegetative 
branches,  but  it  is  quite  possible  that  the  two  conditions  merely  repre- 
sent the  extremes  of  one  long  series  of  variations.  In  the  Dale  cottcm 
as  grown  near  Yuma,  Ariz.,  in  1909,  the  abnormal  shortening  aiid 
abortive  tendencies  of  the  branches  were  much  stronger  in  the  plants 
raised  from  imported  seed  than  in  those  produced  from  seed  raised 
at  Yuma  in  1908.  The  larger  and  more  luxuriant  plants  also  showed 
the  greater  tendency  to  abnormal  shortening  of  the  fruiting  branches. 
instead  of  tlie  usual  tendency  to  elongate  and  change  to  the  vegetative 

«  Cook,  O.  F.    Suppressed  and  Intensified  Characters  In  Cotton  Hybrids,  Bul- 
letin 147,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  1909,  p.  23. 
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1.— Diagram  of  a  cotton  plant  with  two  .vegetative 
branches  and  numerous  fruiting  branches. 
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form.  The  analogy  with  the  cluster  habit  of  Upland  varieties  is 
often  very  strong,  and  in  these  also  the  tendency  to  abortion  of  the 
flower  buds  is  often  very  great.  Under  favorable  conditions  cluster 
varieties  of  Upland  cotton  are  sometimes  extremely  productive,  but 
if  unfavorable  conditions  supervene  they  are  liable  to  wholesale 
abortion  of  the  flower  buds  or  the  young  bolls.  The  very  strong 
tendency  to  fruitfulness  defeats  itself.  The  plant  is  under  too 
great  a  strain  of  production  and  suffers  the  more  acutely  if  condi- 
tions become  unfavorable. 

REL.\TIOX    OF   DIMORPHIC   BRANCHES   TO   ACCLIMATIZATION. 

The  recognition  of  the  different  behavior  of  the  two  forms  of 
branches  is  an  essential  step  in  the  scientific  study  of  many  of  the 
problems  of  cotton 
culture.  One  of  the 
most  striking  illus- 
trations of  the  sig- 
nificance of  the  di- 
morphism of  the 
branches  has  been 
!^own  in  the  study 
of  acclimatization. 
Central  American 
varieties  of  cotton 
that  grew  under 
their  native  condi- 
tions as  low,  short- 
stalked  plants  with 
few  limbs  and  nu- 
merouM  horizontal, 
fertile  branches 
(%.  1)   showed  in 

Texas  a  complete        ^"''  ^- — Dl**"""  <•'  ■  cottoo  plant  with  oumerouB  vpKr(«ll« 

branches   nnd   no   frultloj  brancheK, 

chnnge  of  habits  of 

growth,  becoming  large,  densely  leafy  bushes,  with  many  strong, 
sterile  limbs,  but  with  very  few  fruiting  branches  or  none  at  all, 
(Cwnpare  figs.  1  and  2.) 

If  the  change  had  affected  only  the  size  of  the  plants,  it  could  have 
been  looked  upon  as  a  direct  result  of  a  rich  soil  or  more  favorable 
conditions  of  growth,  but  the  complete  unlikenesa  of  the  Texas  plants 
to  their  Central  American  parents  showed  that  other  factors  were 
iovolved.  It  was  possible  to  raise  large-sized  plants  whicli  still  re- 
lained  the  normal  form  and  fertility  of  the  type.  The  abnormal  be- 
hsvior  of  the  plants  was  found  to  arise  largely  from  the  fact  that 
sterile  limbs  were  substituted  for  the  normal  fruiting  branches. 
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mation  of  flowering  buds.  Varieties  which  have  no  vegetative  limbs 
have  no  leaves  except  those  of  the  main  stem  and  the  fmiting 
branches.  Fruiting  branches  produce  only  as  many  leaves  as  flower 
buds,  a  bud  at  the  base  of  each  leaf.  Varieties  that  do  not  produce 
vegetative  branches  must  put  on  more  flower  buds  in  order  to  produce 
additional  leaves. 

Even  when  the  weevils  are  not  present  a  large  proportion  of  the 
buds  and  young  bolls  of  our  Upland  cottons  are  generally  thrown  off 
as  superfluous,  the  vegetative  energy  of  the  plant  not  being  adequate 
to  bring  them  to  maturity.  Selection  has  probably  tended  toward 
the  elimination  of  sterile  branches  in  our  Upland  types  of  cotton. 
As  long  as  the  weevils  did  not  enter  into  the  problem,  the  super- 
fluous buds,  though  no  doubt  causing  a  large  waste  of  the  productive 
energy  of  the  plant,  had  a  compensating  value  as  a  kind  of  insunnoe 
of  the  crop,  for  if  in  an  unfavorable  season  the  early  buds  -were  lost 
their  places  were  filled  by  numerous  successors  as  soon  as  the  weather 
improved. 

With  the  advent  of  the  weevil  it  becomes  a  matter  of  importance  to 
do  away,  if  possible,  with  this  persistent  prodigality  of  bud  forma- 
tion. At  the  same  time  it  is  essential  that  the  growth  of  the  plant 
continue,  at  least  to  the  extent  of  producing  leaves  enough  to  serve 
adequately  the  purposes  of  assimilating  food  for  the  growth  of  the 
bolls.  The  Kekchi  cotton,  by  making  use  of  primary  branches,  sug- 
gests a  factor  that  has  a  relation  to  the  problem,  by  showing  how 
more  foliage  can  be  produced  without  the  need  of  making  the  extra 
number  of  floral  buds  which  are  likely  to  serve  only  as  breeding 
places  for  the  weevils. 

Many  other  kinds  of  plants,  the  great  majority,  indeed,  have  the 
determinate  habits  which  would  be  so  great  an  advantage  in  cotton 
in  dealing  with  the  weevil,  for  they  produce  buds  and  blossoms  for 
only  a  short  interval.  Some  plants  can  be  made  to  continue  in  blos- 
som by  having  their  flowers  picked  so  that  seed  can  not  set.  To  have 
educated  the  cotton  plant  to  such  determinate  habits  by  selection 
might  have  proved  a  difficult  and  time-consuming  labor.  But  with 
the  realization  of  the  fact  that  the  cotton  plant  has  two  distinct  kinds 
of  branches,  one  of  which  does  not  produce  flower  buds,  the  task  of 
finding  or  securing  by  selection  a  regularly  determinate  variety  of 
cotton  appears  more  definite  and  practicable.  The  possibilities  of 
utilizing  at  the  same  time  others  of  the  numerous  weevil-resisting 
adaptations  possessed  by  the  Kekchi  cotton  and  other  Central  Ameri- 
can varieties  have  received  detailed  consideration  in  a  previous 
report." 

«Cook,  O.  F.  Weevil-Roslstlng  Adaptations  of  the  Cotton  Plant,  BnUetiiiSS, 
Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  1906. 
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The  application  of  branch  dimorphisin  to  the  problems  of  weevil 
resistance  is  not  necessarily  limited  to  early  fruiting  and  determinate 
kbits  of  growth.  While  early  fruiting  is  undoubtedly  an  advantage 
ander  the  ordinary  conditions  of  cotton-growing  communities,  it  does 
not  necessarily  follow  that  late-fruiting  types  of  cotton  will  be  per- 
manently excluded  from  cultivation  in  all  weevil-infested  regions. 
Late-fruiting  varieties  must  always  suffer  worse,  of  course,  when 
grown  with  early  varieties,  but  if  the  late-fruiting  varieties  were 
frown  exclusively  by  whole  communities  the  disadvantage  would  be 
less  and  might  be  avoided  entirely  if  varieties  were  secured  which 
wrere  able  to  set  a  crop  of  bolls  within  a  short  time  after  the  produc- 
tion of  flower  buds  began.  As  long  as  the  weevils  were  left  without 
pollen  to  feed  upon,  and  were  thus  unable  to  breed,  the  danger  from 
weevils  would  not  be  increased.  A  quick-fruiting  late  variety,  grown 
by  itself,  would  have  the  same  advantages  of  weevil  resistance  as  an 
early  variety  grown  under  ordinary  conditions,  and  with  the  prospect 
of  being  able  to  set  a  larger  crop  of  bolls  than  the  small  plants  of 
in  extra-early  variety. 

DUOBPHIC    BBAKCHES    OF    THE    CENTRAL   AMEBICAN    BTJBBEB 

TBEE. 

The  differences  between  the  two  kinds  of  branches  in  the  Central 
American  rubber  tree  (Castilla)  correspond  in  some  respects  to  those 
of  the  cotton  plant.  All  the  flowers  and  fruits  are  borne  by  one  kind 
of  branches,  while  the  other  kind  has  vegetative  functions  only,  like 
the  main  trunk  of  the  tree.  But  with  regard  to  the  origins  of  the 
two  kinds  of  branches,  the  rubber  tree  is  directly  contrasted  with 
the  cotton  plant.  The  fertile  branches  of  Castilla  always  come 
from  axillary  buds,  while  the  vegetative  branches  are  always  extra- 
axillary. 

The  diversity  of  function  is  carried  a  step  farther  than  in  the 
cotton  plant,  for  the  fertile  branches  do  not  become  a  permanent 
part  of  the  tree.  After  they  have  borne  two  or  three  crops  of  fruit 
they  separate  neatly  from  the  trunk  and  drop  out  of  their  sockets, 
which  soon  heal  over.  The  dimorphic  nature  of  the  branches  of  the 
genus  Castilla  and  the  self-pruning  habit  of  the  fruiting  branches 
have  been  described  and  illustrated  in  a  former  publication.® 

Except  in  very  rare  instances,  the  fruit-bearing  branches  of  Cas- 
tilla remain  quite  simple  and  produce  only  leaves,  followed  in  the 
next  year  by  a  cluster  of  flowers  above  each  of  the  leaf  axils.  Growth 
takes  place  only  at  the  end  of  the  branch,  leaving  a  longer  and  longer 

•Cook,  O.  F.    The  Culture  of  the  Central  American  Rubber  Tree,  Bulletin  49, 
Bureau  of  Plant  Industry,  U.  S.  I>ept.  of  Agriculture,  1903,  p.  20,  pi.  10. 
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naked  section  at  the  base  after  the  sucoessive  crops  of  leaves  and 
fruits  have  fallen.  Finally  the  weight  of  the  branch  becomes  too 
great  for  the  support,  the  soft  basal  joint  gives  way,  and  the  brandi 
drops  to  the  ground.  The  base  of  the  branch  is  conical  or  rounded, 
and  fits  into  a  socket  in  the  wood  of  the  trunk.  Both  the  base  and 
the  socket  are  marked  with  very  fine  radiating  ridges  and  grooves, 
showing  that  the  self-pruning  habit  of  the  tree  is  the  result  of  a  d^- 
nite  specialization  of  tissues  and  not  a  mere  breaking  or  rotting  away. 
In  fact,  the  branch  is  usually  still  alive  when  it  falls,  and  milk  flows 
out  of  the  tree  into  the  exposed  socket  to  cover  the  wound.  The  bark 
also  soon  grows  over  it  and  heals  completely,  leaving  only  a  faint 

rounded  scar. 

The  upright  or  permanent 
branches  of  Castilla  are  c<Hn- 
paratively  few  in  number 
They  arise,  one  in  a  place,  al 
the  right  or  the  left  of  the  basi 
of  a  temporary  branch,  witl 
the  same  regularity  as  in  i 
stalk  of  cotton.  They  take  i 
much  more  oblique  or  upright 
direction  than  the  temporal} 
or  fruiting  branches,  whid 
are  usually  nearly  horizontal 
or  somewhat  drooping.  Thi 
trees  often  grow  to  a  height  oi 
15  or  20  feet  before  anv  ol 
the  permanent  branches  de- 
velop, and  then  they  often  ap- 
pear singly  or  a  few  at  a  time 
(See  fig.  4.) 

The  idea  that  extra-axillary 
buds  are  abnormal  or  excq> 
tional  appears  to  be  quite  as  unwarranted  in  Castilla  as  in  cotton.  It 
would  be  possible  for  a  Castilla  tree  to  grow  to  seed-bearing  maturity 
without  producing*  any  extra-axillary  branches,  but  there  would  be 
formed  in  this  way  only  a  simple  upright  stalk  or  trunk.  All  of  the 
branches  that  form  the  true  permanent  framework  of  the  tree  arise 
from  extra-axillary  buds  that  might  be  considered  adventitious. 
Whether  such  buds  are  added  after  the  formation  of  the  intemodcs 
that  bear  them  or  are  formed  with  the  internodes  and  remain  dormant 
at  first  is  not  certain.  A  permanent  branch  is  often  put  forth  at  the 
base  of  a  temporary  branch  that  is  still  very  young,  in  trees  of  suffi- 
cient age.    That  permanent  branches  of  Castilla  can  arise  as  truly 
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Fig.  4. — Diagram  of  a  rubber  tree  with  one 
permanent  vegetative  branch  and  numerous 
temporary  fruiting  branches. 
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idventitious  buds  is  indicated  by  the  fact  that  they  often  appear  in 
considerable  numbers  along  the  edges  of  wounds,  as  when  the  bark  is 
lealing  over  gashes  made  in  extracting  rubber. 

RELATION    OF  DIMORPHIC   BRANCHES   TO    METHODS   OF   PROPAGATION. 

There  is  no  reason  to  suppose  that  the  fruit-bearing  branches  of 
[}astilla  would  take  root,  or  that  they  could  develop  into  normal 
xees.  Sections  of  the  trunk  or  of  the  permanent  branches,  on  the 
>ther  hand,  take  root  readily,  often  when  merely  driven  into  the 
^und  as  fence  stakes.  In  the  Soconusco  district  of  southern  Mexico 
many  instances  were  observed  in  which  rubber  trees  were  growing 
nrith  apparent  health  and  vigor  from  plantings  as  fence  stakes.  One 
c^f  the  largest  rubber  trees  in  the  vicinity  of  Tapachula  is  said  to 
have  grown  from  a  fence  stake.* 

The  fact  that  the  Central  American  rubber  tree  is  capable  of  being 
propagated  from  cuttings  is  of  practical  interest  in  connection  with 
the  great  differences  in  yields  of  rubber  from  individual  trees. 
Though  external  conditions  are  undoubtedly  responsible  for  some  of 
the  differences,  there  is  every  reason  to  believe  that  the  characteristics 
of  the  individual  trees  will  prove  as  important  as  among  other  culti- 
vated plants.  A  system  of  vegetative  propagation  would  enable  such 
differences  to  be  utilized  directly,  whereas  an  attempt  to  develop  im- 
proved strains  that  would  come  true  to  seed  might  require  many 
years  of  breeding.  The  utilization  of  the  increased  vigor  and  fer- 
tility of  hybrids  might  also  be  made  possible  by  a  system  of  vegeta- 
tive propagation. 

The  use  of  large  cuttings  in  setting  out  new  plantations  would 
have  cultural  advantages  in  more  quickly  reestablishing  the  forest 
conditions  that  are  now  considered  desirable  in  rubber  plantations. 
Two  of  the  systems  of  managing  plantations  that  were  quite  popular 
at  first  have  been  found  to  have  serious  disadvantages.    The  leaving 
of  the  old  forest  to  keep  down  the  undergrowth  by  shade  interfered 
also  with  the  growth  of  the  young  rubber  trees.    Clean  culture  allows 
the  trees  to  grow  very  rapidly  at  first,  but  their  later  development 
may  be  checked  if  the  fertile  surface  soil  is  washed  away  and  harm- 
ful grasses  become  established.    The  cleaning  of  the  grassy  planta- 
tions becomes  more  and  more  expensive,  and  also  more  and  more 
harmful.    The  expected  rate  of  growth  of  the  trees  is  not  maintained, 
and  the  period  of  profitable  production  of  rubber  recedes  into  an  in- 
definite future. 

Other  difficulties  in  rubber  culture  come  from  the  refusal  of  the 
latex  to  flow  from  the  trees.     Even  when  an  encouraging  yield  is 

•Cook,  O.  F.    The  Culture  of  the  Central  American  Rubber  Tree,  Bulletin  49, 
Bureau  of  Plant  Industry,  U.  S.  Dept  of  Agriculture,  1903,  pi.  9. 
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obtained  from  first  tappings,  later  attempts  to  secure  latex  from  the 
vicinity  of  an  old  cut  may  be  very  disappointing.  In  the  Para  rub- 
ber tree  (Hevea)  there  is  a  so-called  "  wound  response"  that  results 
in  continued  and  increased  yields  of  latex  from  the  paring  back  of 
the  edges  of  the  wounds,  but  in  the  Central  American  rubber  (Cas- 
tilla)  the  tapping  of  the  bark  in  the  vicinity  of  old  cuts  may  bring 
out  very  little  latex.  The  bark  pressure  that  forces  the  latex  out  of 
new  cuts  is  not  restored  around  the  old  cuts.  Only  a  small  propor- 
tion of  the  latex  is  extracted  by  the  present  methods  of  tapping; 
the  rest  remains  and  dries  up  in  the  bark.  If  bark  could  be  pro- 
duced more  rapidly  by  vegetative  propagation,  it  might  become  prac- 
ticable to  harvest  the  bark  as  well  as  the  latex  and  extract  the  rubber 
by  mechanical  means.  Branches  from  the  more  oroductive  trees 
would  be  available  for  extending  the  plantation. 

THE  PRUNING  OF  RUBBER  TREES. 

The  fact  that  the  rubber  tree  prunes  itself  so  extensively  leava 
little  work  of  this  kind  for  the  planter  to  do,  but  two  precautions  are 
not  unworthy  of  consideration.  The  self-pruning  mechanism  does 
not  always  work  successfully.  If  growth  is  very  rapid  the  trunk 
may  enlarge  around  the  bases  of  the  temporary  branches  and  hold 
them  in  place,  even  after  they  are  dead.  This  is  also  likely  to  hap- 
pen when  a  branch  has  been  injured  or  dwarfed,  and  thus  lacks  the 
weight  necessary  to  break  it  away  from  its  socket.  Such  decaying 
branches  may  give  fungi  or  insects  an  entrance  to  the  wood  of  the 
tree  and  thus  induce  decay.  It  would  require  very  little  additional 
labor  to  keep  the  plantation  entirely  clear  of  them.  In  most  cases  a 
pole  with  a  simple  hook  or  elbow  at  the  end  would  enable  them  io  be 
pulled  out  of  their  sockets,  which  would  be  better  than  cutting  them 
off.  The  pruning  away  of  some  of  the  permanent  branches  may  be 
desirable  in  the  occasional  instances  where  these  come  out  too  low 
down.  The  earlier  these  are  removed  the  better,  to  keep  the  trunk 
of  the  tree  smooth  and  erect  for  purposes  of  tapping. 

DIMOBPHIC   BRANCHES   OF   COFFEE. 

The  upright  branches  or  limbs  of  the  coffee  shrub  are  the  equiva- 
lents of  the  original  main  stem ;  they  bear  no  fruit,  but  can  give  rise 
to  other  uprights  and  to  lateral  branches.  (See  PI.  III.)  The 
laterals  bear  flowers  and  fruit,  and  can  also  give  rise  to  other 
branches  of  the  same  form  and  function,  called  secondary  laterals,  or 
simply  secondaries,  but  no  lateral  branch  ever  produces  a  true  up- 
right branch.  Unlike  the  cotton  plant  and  the  rubber  tree,  each 
internode  of  coffee  bears  two  opposite  leaves  and  is  capable  of  pro- 
ducing two  sets  of  branches,  two  axillary  and  two  extra-axillary.  In 
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are  cases  an  internode  may  bear  three  leaves  and  the  branches  may 
band  in  whorls  of  three. 

The  buds  that  give  rise  to  the  upright  limbs  make  their  appearance 
n  the  normal  position,  in  the  axils  of  leaves,  but  the  lateral  branches 
levelop  in  advance  of  the  leaves  of  the  joint  to  which  they  are  at- 
ached,  and  appear  to  arise  from  near  the  bases  of  the  joints  or  inter- 
lodes  of  the  uprights,  instead  of  from  the  ends  of  the  joints.  (See 
*1.  IV.)  They  do  not  appear  to  have  any  connection  with  the  leaf 
rhich  is  nearest  them  below.  There  is  no  difference  of  texture  or 
ine  of  separation  between  the  upright  and  the  young  lateral  branch. 
Joth  are  covered  from  the  first  with  the  same  continuous  skin  or 
ipidermis,  without  groove  or  wrinkle.  The  lateral  branches  do  not 
all  off  or  separate  from  the  upright  except  by  decay. 

The  lateral  branches  are  always  formed  while  the  joint  is  young 
ind  growing,  instead  of  pushing  out  afterwards,  as  do  the  adventitious 
)r  dormant  buds.  In  this  respect  there  is  an  abrupt  difference  between 
ht  primaries  or  first  generation  of  laterals  and  the  second  genera- 
ion  or  secondary  laterals.  These  arise  from  the  primary  laterals  at 
the  axils  of  the  leaves.  Secondary  laterals  are  seldom  produced  when 
the  uprights  are  allowed  to  grow  normally,  but  the  growth  of  secon- 
Jary  laterals  can  be  forced  by  severely  pruning  the  uprights.  Under 
unfavorable  conditions,  where  the  growth  of  the  plants  is  alternately 
checked  and  forced,  the  formation  of  supernumerary  secondary 
laterals  represents  a  diseased  condition,  somewhat  resembling  the 
*  witches'-brooms  "  of  some  of  our  northern  trees.     (See  PI.  V.) 

The  axils  of  the  lateral  branches  usually  produce  only  flowers  and 
fruits.  The  floral  buds  appear  in  large  numbers  clustered  on  several 
very  short  axillary  branches.  The  secondary  laterals  can  thus  be 
understood  as  representing  sterilized  floral  branches.  Flowers  are 
not  normally  formed  on  uprights.  In  the  Bourbon  coffee,  which  is 
abnormally  prolific  in  flowers,  the  uprights  are  occasionally  fertile 
to  a  slight  extent. 

PBOPAGATION   OF  COFFEE   FROM   OLD   WOOD   OF  ITPRIGHT  BRANCHES. 

The  prevalent  idea  that  coffee  can  not  be  grown  from  cuttings  has 
arisen,  presumably,  from  attempts  made  with  lateral  or  secondary 
branches  (fig.  5).  Pieces  of  the  main  stem  or  of  upright  branches 
take  root  readily  and  produce  entirely  normal  trees.  Several  very 
successful  examples  of  vegetative  propagation  of  coffee  from  upright 
branches  have  been  seen  in  Central  America,  though  all  were  results 
of  accidents,  not  of  any  definite  intention  to  apply  a  new  method.  In 
such  towns  as  Coban  and  Purula,  in  the  coffee-growing  districts  of 
the  mountains  of  eastern  Guatemala,  one  often  finds  fence  stakes  of 
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old  coflfee  wood  putting  out  new  shoots  and  forming  new  tops  like 
vigorous  young  trees  in  a  plantation. 

Other  cases  were  found  in  Costa  Rica  on  the  large  coffee  estate  of 
Seiior  Don  Federico  Tinoco  at  Juan  Vinas.  Straight  stakes  cut  from 
old  coffee  trees  had  been  used  to  support  the  bushes  in  the  rose  garden 
of  Senora  Tinoco,  and  had  promptly  taken  root.  They  had  been 
allowed  to  grow,  and  had  all  developed  into  large,  well-formed,  pro- 
ductive coffee  trees.  Such  instances  certainly  demonstrate  the  pos- 
sibility of  producing  normal  coffee  trees  by  vegetative  propagation. 
As  there  are  considerable  differences  of  soil  and  climate  between 
Costa  Rica  and  eastern  Guatemala,  it  appears  that  such  propagation 

is  not  narrowly  limited  to  one  set  of 
.  \  conditions. 

V      T"  If  a  system  of  vegetative  propa- 

^  gation  could  be  applied  to  coffee  by 

the  use  of  cuttings  of  the  upright 

-"  branches  .  (fig.  6),  several  important 

.-•"*  cultural    advantages    might    result. 

/         Much  of  the  labor  and  expense  now 

^  required    for    seed    beds,    nurseries. 

""  and   transplanting  would   be  saved, 

"  *•- and    plantations   might   be   brought 

more  rapidly  to  the  size  when  good 
crops  are  produced  and  the  ground 
is  well  shaded  by  the  trees.  Th« 
latter  condition  not  only  reduces  the 
\^  cost  of  cleaning  the  land  of  weeds, 

but    protects   it   from   injurious  ex- 
posure and  erosion. 
The   possibility  of  improving  the 
Fig.  5.— Diagram  of  a  coffee  tree     coffee  crop   by  the   development  of 

Ta'/eral  ^iX'rancres.  """""""^     «"Perior  hybrid  Varieties  also  depends 

upon  the  use  of  some  system  of  vegeta- 
tive propagation,  or  upon  the  grafting  of  the  young  seedlings,  ta 
has  been  proposed  in  Java  and  other  tropical  countries.  At  pres- 
ent we  have  only  the  so-called  Arabian  type  of  coffee  and  the  seven! 
mutative  varieties  which  have  been  selected  from  it.  Most  of  these^ 
if  not  all,  are  inferior  to  the  parent  stock  in  fertility.  Although  vei^ 
satisfactory  in  the  matter  of  coming  true  to  seed,  they  all  seem  to  lack 
the  first  essential  of  an  improved  type,  for  they  are  generally  less 
fertile  than  the  parent  stock. 

In  addition  to  the  precaution  of  using  the  upright  branches,  othcl 
methods  of  treating  tlie  propagating  stock  will  need,  of  course,  to  ta 
worked  out.     It  is  quite  possible  that  the  cuttings  can  not  be  used  is 
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i  fresh  condition,  but  may  need  some  process  of  curing  after  they 
ire  cut,  such  as  would  allow  new  tissues  to  form  on  the  cut  surfaces 
lefore  they  are  placed  in  the  ground.  In  the  successful  cases  of 
>ropagation  from  cuttings  mentioned  above,  the  wood  had  come 
rem  old  trees  that  had  been  taken  out  of  the  plantations.  Time 
nay  also  have  elapsed  between  the  cutting  of  the  stakes  and  the 
etting  of  them  in  the  ground. 


RELiATJOS  OF  BRANCH  DIMORPHISM  TO  THE  PRUNINO  OF  COFFEE. 

The  habits  of  growth  and  cultural  requirements  of  coffee,  and  espe- 
jially  the  principles  of  the  art  of  pruning,  can  not  be  clearly  under- 
wood without  the  recomition  of  the 
two  kinds  of  branches.  Planters 
srho  reason  in  a  general,  way,  with- 
out taking  into  account  the  di- 
morphism of  the  branches,  often 
suppose  that  the  pruning  back  of 
the  uprights  at  the  growing  ends 
will  cause  them  to  send  out  new 
lateral  fruiting  branches  lower 
down.  This  is  a  mistake,  for  new 
lateral  branches  are  formed  only  on 
young,  growing  uprights,  and  then 
only  two  of  the  laterals  from  each 
joint  of  the  upright. 

Additional  development  of  lateral 
branches  is  to  be  obtained  from 
mature  uprights  only  by  forcing 
the  primary  laterals  to  send  out 
secondary  laterals.  If  the  pri- 
mary laterals  have  been  cut  off  no 
secondary  laterals  can  be  formed. 
Severe  cutting  back  of  the  main 
trunks  or  upright  branches  is  usual  as  a  means  of  forcing  more  vege- 
tative growth  in  the  lateral  branches.  If  the  pruning  is  too  slight 
it  may  have  the  effect  of  merely  causing  the  primary  laterals  to 
elongate  without  forcing  them  to  send  out  secondary  lateral  branches, 
for  it  is  not  a  normal  habit  of  the  coffee  tree  to  produce  branches 
from  the  laterals.  Left  to  itself  without  pruning,  coffee  usually 
produces  only  simple  laterals  and  forms  new  lateral  growth  only 
through  the  medium  of  new  uprights. 

When  all  the  axillaiT  buds  of  the  main  stem  have  been  eradicated 
no  new  uprights  can  be  formed.  If  the  tree  continues  to  thrive,  it 
spreads  out  on  the  ground  as  a  tangled  mass  of  slender  decumbent 
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lateral  branches.  It  is  the  custom  of  planters  in  Jamaica,  according 
to  Mr.  G.  N.  Collins,  of  the  Bureau  of  Plant  Industry,  to  pull  off  the 
uprights  instead  of  cutting  them,  on  the.  ground  that  this  prevents 
the  growth  of  any  more  uprights.  It  is  easy  to  understand  that 
additional  uprights  may  develop  from  buds  of  short  basal  joints  of 
uprights  that  have  been  cut  off,  but  this  would  not  be  the  case  with 
uprights  that  are  pulled  out.  An  additional  bud  can  be  seen  on 
Plate  IV,  underneath  the  base  of  one  of  the  new  uprights  that  have 
been  forced  by  pruning. 

If  the  fertility  of  a  plantation  is  to  be  maintained,  resort  must  be 
had  to  some  form  of  pruning,  in  order  to  continue  the  formation  of 

healthy  new  wood  on  which  good  fruit 
can  be  borne.  Old  trees  that  are  not 
primed  tend  to  produce  slender  branches, 
narrow  leaves,  and  very  small  fruit.  New 
wood  can  be  obtained  by  allowing  new 
uprights  to  develop  or  by  preventing  the 
growth  of  the  uprights  and  forcing  the 
laterals  to  branch.  The  use  or  the  rejec- 
tion of  the  uprights  affords  a  fundamen- 
tal distinction  between  the  several  differ- 
ent systems  of  pruning  coffee. 

The  subject  is  one  of  too  great  extent 
and  complexity  to  be  discussed  in  detail 
here.  Methods  that  may  be  thoroughly 
justifiable  and  advantageous  under  the 
conditions  of  one  coffee-growing  district 
may  be  objectionable  in  another,  or  even 
destructive,  so  greatly  do  the  habits  of  the 
plants  differ  under  different  conditions 
of  climate  and  soil.  The  practicability  of 
the  different  systems  of  pruning  depends 
also  very  largely  upon  the  character  and 
cost  of  labor.  In  some  countries  the  natives 
show  much  aptitude  for  such  work,  but  in  others  only  the  simplest  sys- 
tems can  be  applied ;  the  cost  of  skilled  assistance  would  be  prohibitive. 

DIMOBPHIC  BBANCHES  OF  CACAO. 

The  cacao  tree  bears  two  distinct  kinds  of  branches,  but  these  do 
not  correspoid  directly  to  those  of  the  rubber  tree,  the  coffee,  or  the 
cotton.  The  fruit-bearing  function  is  not  confined  to  either  typa 
of  branches.  Both  have  vegetative  functions,  and  both  produce  the 
small  leafless  twigs  that  bear  the  flowers  and  fruits.    Even  the  main 
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Fig  7. — DlaKram  of  a  cacao  tree 
with  three  upright  shoots 
and  three  groups  of  whorl 
branches. 
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trunk  of  the  cacao  tree  produces  flowers  and  fruit  in  the  same  way 
as  the  branches.    In  other  words,  cacao  is  cauliflorous. 

The  two  kinds  of  vegetative  branches  can  be  distinguished  readily 
by  their  position  and  also  by  the  fact  that  they  bear  different  kinds 
of  leaves.  The  trunk  elongates  by  a  succession  of  upright  shoots, 
each  of  which  is  terminated  by  a  cluster  or  whorl  of  branches  (fig. 
7).  (See  PI.  VI.)  The  main  stem  and  the  upright  branches  have 
leaves  with  distinctly  longer  petioles  than  those  of  the  lateral 
branches.  The  petioles  of  the  leaves  of  the  uprights  are  often  3 
inches  long,  while  those  of  the  whorl  leaves  are  less  than  an  inch. 
(See  PL  VII,  fig.  1.) 

In  the  patashte  tree  {Theohroma  hicolor)^  a  relative  of  the  cacao 
that  is  being  introduced  into  cultivation  in  Guatemala,  the  specializa- 
tion of  the  leaves  of  the  two  types  of  branches  is  carried  still  farther. 
The  leaves  of  the  main  trunk  and  the  upright  limbs  have  petioles 
8  or  10  inches  in  length,  while  the  leaves  of  the  secondary  or  lateral 
branches  have  petioles  only  about  1  inch  long,  as  in  the  cacao.  The 
blades  of  the  two  kinds  of  leaves  of  the  patashte  are  also  very  differ- 
ent in  size,  shape,  and  texture,  instead  of  being  nearly  alike  as  in  the 
cacao.* 

When  a  cacao  seedling  has  grown  a  simple  straight  stem  to  a 
height  of  2  to  4  feet,  the  single  terminal  bud  gives  place  to  a  cluster 
or  circle  of  three  to  six  small  buds,  from  which  arises  a  whorl  of  as 
many  branches.  (See  PI.  VI.)  These  branches  soon  diverge  in  a 
horizontal  or  oblique  direction,  but  curve  upward  toward  the  end. 
In  the  petashte  tree  the  number  of  branches  in  each  whorl  is  always 
three,  but  in  the  cacao  there  are  usually  four,  often  five,  and  occa- 
sionally six.  The  whorled  branches  do  not  continue  the  upward 
grow^th  of  the  main  stem  or  trunk  of  the  tree,  but  a  new  shoot  for 
this  purpose  appears,  in  due  time,  on  the  side  of  the  trunk,  often  an 
inch  or  more  below  the  terminal  whorl  of  branches.  This  lateral 
shoot  curves  upward  and  passes  between  two  of  the  whorled  branches 
into  a  vertical  position,  grows  a  few  feet  upward,  and  divides  into 
another  whorl  of  branches.  Later  on  these  upright  sections  seem  to 
straighten  more  and  more  until  the  clusters  of  branches,  which  had 
previously  terminated  the  trunk  at  its  different  stages  of  growth,  are 
pushed  over  to  the  side,  as  though  they  were  lateral  clusters. 

*»The  patashte  tree  also  differs  from  the  cacao  In  not  heing  cauHflorons.  The 
short  inflorescence  branches  do  not  rise  from  the  old  wood  of  the  main  trunk 
and  larger  basal  branches,  but  are  confined  to  the  nxils  of  new  leaves  near  the 
slender  growing  ends  of  the  branches.  The  patashte  is  a  much  taller  tree  and 
grows  much  more  rapidly  than  the  cacao.  It  Is  usually  from  12  to  20  feet 
high  before  it  begins  to  branch,  instead  of  branching  within  3  or  4  feet  of 
tlie  ground,  as  the  cacao  usually  does. 
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BELATION   OF   DIMORPHIC   BRANCHES   TO   HABITS  OF  GBOWTH. 

Other  cacao  trees,  both  wild  and  cultivated,  fail  to  show  these 
habits  of  growth.  Instead  of  the  erect  main  stem,  with  branches  in 
rosette-like  clusters,  the  trunk  divides  near  the  ground  into  many 
oblique  arms  that  form  a  broad  spreading  top  of  dense  foliage, 
entirely  unlike  the  open,  irregularly  distributed  foliage  of  the  trees 
with  tall  upright  trunks.  Planters  of  cacao  have  recognized  cultural 
differences  between  the  two  forms  of  trees,  the  low,  spreading  type 
being  preferable  for  plantation  purposes  to  the  tall  type  with  the 
whorled  branches. 

It  has  been  supposed  that  the  different  habits  of  growth  betoken 
two  different  varieties  of  cacao,  but  seedlings  from  the  spreading 
trees  have  not  been  found  to  show  any  tendency  to  reproduce  the 
spreading  habit  of  growth.  If  the  spreading  trees  had  any  other 
character  in  common,  the  idea  of  a  varietal  difference  might  still 
appear  to  have  some  justification,  but  the  fact  is  that  both  kinds  of 
trees  show  the  same  general  range  of  individual  differences  in  the 
characters  of  the  fruits,  which  are  the  only  parts  of  the  plant  that 
lend  themselves  to  careful  comparison.  The  serious  difference  lies 
in  the  fertility,  for  the  low,  compact  trees  that  shade  their  own  short 
trunks  and  the  ground  underneath  them  appear  to  thrive  much  bet- 
ter in  plantations  than  trees  of  the  other  type,  and  bear  larger  crops. 
In  eastern  Guatemala,  where  this  matter  was  studied  in  some  detail, 
it  was  the  opinion  of  a  verj^  intelligent  cacao  planter,  Don  Ricardo 
Fickert-Forst,  owner  of  the  Trece  Aguas  estate,  that  the  low,  spread- 
ing trees  would  bear,  on  the  average,  at  least  twice  as  much  cacao  as 
the  others,  and  that  they  would  continue  to  be  fruitful  for  a  longer 
period  of  years.  Efforts  had  been  made  to  obtain  more  of  the 
spreading  trees  by  planting  seeds  from  trees  of  this  form. 

The  failure  of  such  attempts  can  be  explained  after  the  serious 
differences  between  the  two  kinds  of  branches  are  recognized.  The 
low,  spreading  trees  have  this  desirable  form  because  they  do  not 
produce  any  of  the  upright  shoots  and  whorls  of  branches.  Their 
method  of  branching  is  the  same  as  that  shown  on  whorl  branches, 
that  are  incapable  of  forming  uprights,  as  already  explained.  Al- 
though there  is  no  indication  of  a  whorled  arrangement  of  the  main 
branches  of  the  spreading  trees,  it  may  nevertheless  be  considered 
that  the  tops  of  these  trees  represent, the  development  of  only  one  or 
two  of  the  branches  of  an  original  whorl,  and  this  would  afford  an 
adequate  explanation  of  the  formation  of  a  different  type  of  tree. 

The  inability  of  the  whorled  branches  to  produce  any  upright 
shoots  would  explain  why  a  tree  top  formed  from  such  a  branch 
would  not  have  any  of  the  strong  upright  shoots,  but  would  produce 
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only  the  relatively  slender  oblique  or  lateral  shoots  proper  to  the 
branches  that  are  formed  as  members  of  a  whorl.  If  only  one  or 
two  of  the  branches  of  the  first  whorl  were  to  survive  and  to  begin 
branching  near  the  base,  the  further  growth  of  the  tree  might  come 
from  the  development  of  these  whorled  branches,  the  upright  type 
of  the  branches  falling  into  complete  abeyance.  The  question  of 
being  able  to  produce  at  will  the  desired  type  of  tree  appears  to  turn 
on  the  treatment  of  the  young  tree  at  the  time  it  puts  out  the  first 
or  second  whorl  of  branches. 

RELJITION    OF   DIMORPHIC   BRANCHES   TO   THE   PRUNING   OF   CACAO. 

Recognition  of  the  dimorphism  of  the  branches  of  the  tree  is  a 
matter  of  even  more  fundamental  cultural  importance  with  cacao 
than  with  coifee,  since  it  enables  us  to  understand  differences  in 
habits  of  growth  that  determine  the  productiveness  and  even  the 
life  of  the  trees.  Much  of  the  advice  regarding  the  pruning  of  cacao 
has  been  given  without  regard  to  the  dimorphism  of  the  branches, 
and  is  misleading,  if  not  actually  dangerous.  Some  writers  have 
recommended  the  removal  of  some  of  the  branches  of  the  lowest 
whorl  if  the  tree  begins  to  branch  too  low  down,  and  others  have 
held  that  only  three  or  four  of  the  whorl  branches  should  be  allowed 
to  develop  when  five  or  six  are  produced.  In  neither  case  has  it 
been  considered  that  the  preliminary  treatment  might  have  the  effect 
of  a  complete  alteration  of  the  habits  of  growth  of  the  tree. 

If  the  production  of  whorled  branches  is  to  be  allowed  to  continue 
so  as  to  produce  trees  of  the  upright,  open  form,  it  is  very  doubtful 
whether  any  advantage  can  be  gained  by  removing  a  few  of  the 
branches  of  a  whorl.  The  effect  is  to  weaken  the  basal  ring  of  wood 
that  supports  the  whorl  in  its  rather  precarious  position  at  the  end 
of  the  long,  upright  shoot.  AVhen  the  strength  of  this  ring  is  dimin- 
ished the  weight  of  the  branches  is  likely  to  split  them  apart.  More- 
over, the  wood  of  the  cacao  tree  is  so  soft  that  decay  is  very  likely  to 
follow  any  injury — another  reason  why  any  attempts  at  pruning 
^ould  be  confined  to  the  very  youngest  stages  of  the  growth  of  the 
branches. 

If  an  attempt  is  to  be  made  to  compel  the  young  tree  to  form  its 
crown  from  one  or  two  of  the  whorl  branches,  it  is  also  very  important 
that  these  keep  the  more  nearly  upright  position  that  they  have  in 
their  early  stages.  If  pruning  be  delayed  until  the  whorl  has 
opened  out  and  the  branches  have  become  nearly  horizontal,  the 
chances  of  having  a  well-shaped  crown  are  very  small.  It  may  also 
be  desirable  not  to  let  the  branches  that  are  left  grow  too  long. 
Pinching  off  the  end  when  they  are  about  a  foot  long  would  force 
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them  to  send  out  secondary  or  lateral  branches  near  the  base  and  thus 
assist  in  forming  a  compact,  well-shaped  crown.  With  two  or  more 
strong  branches  from  near  the  base  of  a  single  whorl  branch  a  condi- 
tion somewhat  similar  to  the  original  whorl  may  develop,  but  essen- 
tially different  in  the  subsequent  habits  of  growth,  since  these 
branches  do  not  tend  to  spread  apart  like  true  whorl  branches,  and 
are  able  to  continue  the  upward  growth  of  the  tree  without  the  forma- 
tion of  any  more  upright  shoots  from  the  main  trunk. 

A  further  indication  that  the  habit  of  forming  the  whorled 
branches  represents  a  definite  specialization  may  be  found  in  the 
fact  that  the  upper  leaves  of  an  upright  are  often  aborted.  The 
stipules  are  of  the  normal  size,  but  the  petioles  and  blades  do  not 
develop.  The  stipules  soon  drop  off,  leaving  small  scars  on  the  sur- 
face of  the  bark  as  the  only  indication  of  the  joints. 

It  is  not  clear  whether  this  habit  of  forming  abortive  leaves  is  to  be 
viewed  as  an  adaptation  to  avoid  the  clustering  of  too  many  leaves 
at  the  top  of  an  upright  shoot,  or  is  connected  with  the  shortenin«r 
of  the  iriternodes  to  form  the  whorl  of  branches.  AMien  the  leaves 
are  aborted  many  short  internodes  are  likely  to  be  formed  below  the 
whorl.  In  other  cases  there  are  no  abortive  leaves.  Even  the  whorled 
branches  may  arise  from  axils  of  normal,  full-sized  leaves,  but  in 
such  cases  the  whorl  is  likely  to  be  somewhat  irregular,  as  though  the 
internodes  had  not  been  sufficiently  shortened. 

If  these  reduced  leaves  are  taken  into  account,  the  cacao  tree  may 
be  said  to  have  three  kinds  of  leaves,  the  leaves  with  the  long  petioles 
on  the  lower  parts  of  the  uprights,  aborted  leaves  at  the  ends  of  the 
uprights,  and  short-petioled  leaves  on  the  whorled  branches.  The 
specialization  of  the  leaves  of  the  cacao  is  somewhat  similar  to  that 
of  the  pine  tree.  Young  seedlings  and  new  shoots  of  pines  that  have 
been  cut  down  or  severely  pruned  have  functional  green  leaves  all 
along  the  shoot.  Ordinary  shoots  and  branches  of  pine  trees  have 
no  functional  green  lea>'es,  but  only  scalelike  membranous  sheathing 
leaf  bases.  The  functional  leaves  of  adult  pine  trees  represent  the 
terminal  clusters  of  a  few  leaves  at  the  ends  of  very  short  specialized 
branches  that  appear  to  be  incapable  of  further  growth.  New 
branches  have  to  be  developed  from  special  zones  where  the  axillary 
buds  of  the  leaves  of  the  uprights  remain  dormant  instead  of  pro- 
ducing the  short  leaf-bearing  branches. 

The  habit  of  the  cacao  tree  to  produce  the  long  uprights  with  a 
whorl  of  branches  at  the  end  appears  thoroughly  undesirable  from 
the  cultural  standpoint,  but  if  we  consider  the  habit  of  the  wild  cacao 
to  grow  in  dense  thickets  with  many  other  kinds  of  woody  vegetation 
its  peculiar  habit  of  growth  may  be  seen  to  have  some  advantages. 
The  rapid  growth  of  the  upright  shoots  enables  a  cacao  tree  to  raise 
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a  terminal  whorl  of  branches  above  the  surrounding  vegetation,  and 
thus  secure  an  amount  of  exposure  to  sunlight  that  might  not  he 
obtainable  otherwise.     Though  the  cacao  must  be  reckoned  as  one  of 
the  shade  types  of  vegetation  it  does  require  light.     The  most  vigorous 
and  productive  ca- 
cao trees  are  those 
that    stand    out    in 
full  exposure  to  the    i 
light,  but  the  soil    ' 
conditions  mu^  be 
very    favorable    to 
enable  the  trees  to 
thrive  with  full  ex- 
posure. 

DIKOBFHIC 
BBANCHES  OP 
THE    BANANA 


Although  the 
habits  of  growth  of 
the  banana  plant 
are  altogether  dif- 
ferent from  those  of 
the  shrubby  and 
woody  species  pre- 
viously described, 
there  is  a  definite 
dimorphism  of 
branches  that  has  to 
be  taken  into  ac- 
count in  studying 
the  habits  of 
growth  and  the 
problems  of  culti- 
vation. Banana 
planters     regularly 

distincuish   between     f'O-    8.— a   broad-leBTPd    sucker    of   a    bananB    iilnot    from 
u  ,  II.  CoBta  RlOT.      (Oready  reducod.l 

sword  suckers' 
and  "  broad-leaved  suckers,"  but  the  nature  nnd  the  extent  of  the 
differences  between  the  two  kinds  of  offshoots  have  not  been  ade- 
quately appreciated.  The  effects  of  external  conditions  have  been 
supposed  to  explain  the  differences,  although  both  kinds  of  branches 
«re  almost  always  to  be  found  on  any  well-developed  plant. 
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The  names  of  the  two  kinds  of  offshoots  allude  to  differences  in  the 
size  and  shape  of  the  leaves.  The  broad-leaved  suckers  begin  near 
the  ground  to  produce  leaf  blades  of  the  same  general  form  as  those 
of  the  adult  plant  {fig.  8).  The 
sword  suckers  produce  at  first  only 
small  narrow  blades  that  by  their 
shape  suggest  the  name  (fig.  9). 
The  basal,  sheathing  parts  of  th? 
leaves  that  form  the  so-called 
"  trunk  "  of  the  banana  plant  are 
much  larger  in  the  sword  suckers, 
and  this  renders  the  reduction  of 
the  blade  of  the  ienf  a  more  evi- 
dent specialization. 

Possibly  the  dimorphi^n  of  the 
branches  is  not  as  definite  in  the 
banana   as  in  the   woody    plants 
previously     considered.     Though 
no  connecting  stages  between  the 
two  kinds  of  branches  were  no- 
ticed in  the  rootstocks  that  were 
dug  out  and  examined,  it  mar  be 
that  intermediate  conditions  will 
be  found  occasionally,  as  in  Indian 
corn.    The  intermediate  joints  of 
corn  plants,  between  the  ears  and 
the   suckers,   seldom    develop 
branches,  but  when  such  branches 
are  developed  they  are  intermedi- 
ate in  form,  as  well  as  in  position. 
The  differences  in  the  develop- 
ment of  the  leaves  call  attention 
at  once  to  the  fact  that  the  two 
kinds  of  banana  suckers  stand  in 
differeit  relations  to  the  parent 
plant.     The  broad-leaved  sucker*, 
with    their   relatively    large,   es- 
F.a.  o.-sword  f,uck.T>,  ot  the  oommoc     P«"^e^  l*'^^**',  are  able  from  the 
cIbi  iwuana,  uw>d  In  netuns  out  plants-     first  to  elaborate  a  larger  part  of 
tioDBinCos.aiiica.    (Greatly r.d«™d.)     ^|^^  „o„rishment  they  require  than 
are   the   sword   suckers,   yet   in  spite   of  this  apparent   advantage 
the  broad-leaved  suckers  are  of  much  slower  growth.     It  is  evident 
from  this  fact  that  the  sword  suckers  stand  in  a  different  relation  to 
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the  parent  plant  and  draw  a  much  larger  proportion  of  nourishment 
from  it. 

These  differences  of  relation  are  made  still  more  obvious  when  it 
is  learned  how  the  two  kinds  of  branches  originate.  The  broad-leaved 
suckers  come  from  buds  around  the  sides  of  the  rootstocks,  near  the 
surface  of  the  ground.  The  sword  suckers  begin  their  development 
deep  in  the  ground,  underneath  the  parent  rootstock.  They  have  at 
first  the  form  of  slender,  subterranean  shoots,  that  grow  first  in  a 
horizontal  direction  or  even  obliquely  downward.  They  thicken  into 
a  large  fleshy  bulb  before  beginning  to  grow  much  above  ground. 
(See  PI.  VII,  fig.  2,) 

The  sword  suckers  may  be  looked  upon  as  true  permanent  branches 
of  the  parent  rootstock,  while  the  broad-leaved  suckers  are  better 
adapted  for  separate  propagation  under  natural  conditions.  Many  of 
the  latter  are  put  out  above  the  surface  of  the  ground.  Some  of 
them  have  at  first  the  form  of  small,  rounded  tubers,  the  buds  remain- 
ing entirely  dormant.  A  banana  plant  that  has  been  uprooted  by  the 
wind  does  not  die  at  pnce,  but  puts  out  from  about  its  base  a  large 
number  of  these  potato-like  tubers,  which  finally  fall  off  and  are  read- 
ily scattered,  or  roll  down  hill.  The  wild  relatives  of  the  banana  plant 
are  natives  of  steep,  rocky  hillsides,  where  such  a  method  of  vege- 
tative propagation  would  be  distinctly  advantageous. 

CUIiTURAL  VALUE  OF  TWO  TYPES  OF  OFFSHOOTS. 

Banana  planters  generally  follow  the  rule  of  using  the  sword  suck- 
ers in  setting  out  plantations,  on  the  ground  that  they  produce  fruiting 
plants  quicker  than  the  broad-leaved  suckers.  This  is  easy  to  believe, 
in  view  of  the  larger  amount  of  stored  nourishment  that  is  carried  over 
to  the  new  plants  by  using  the  much  thicker  bulb  of  the  sword  suck- 
ers instead  of  the  relatively  small  rootstocks  of  the  broad-leaved 
suckers.  Some  planters  in  Costa  Kica  doubt  whether  the  broad- 
leaved  suckers  ever  produce  fruit  of  their  own,  and  are  inclined  to 
believe  that  fruiting  does  not  begin  until  the  necessary  sword  suckers 
have  had  time  to  grow.  In  Jamaica,  on  the  other  hand,  the  sword 
suckers  are  cut  back  nearly  to  the  ground  before  planting  and  the 
first  crop  comes  from  the  growth  of  new  suckers.* 

*  See  Stockdale,  F.  A.,  "  The  Question  of  a  Banana  Industry,"  Journal  of  tbe 
Board  of  Agriculture  of  British  Guiana,  vol.  3,  no.  2,  1909,  p.  79. 

"The  suckers  which  would  be  selected  for  planting  [in  Jamaica]  are  not  the 
same  as  those  that  would  be  chosen  in  this  colony  [British  Guiana],  and  the 
method  of  treatment  is  totally  different.  Suckers  for  planting  purposes  are 
suckers  that  have  not  been  cut  back,  or  in  other  words,  *  sword  suckers ' — 
as  indicated  by  their  first  leaves  being  very  narrow — which  have  been  allowed 
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The  use  of  the  most  vigorous  suckers  appears  especially  importanU 
not  only  to  obtain  the  earliest  possible  crop  from  a  new  plantation, 
but  because  it  is  also  highly  desirable  for  a  new  plantation  to  grow  up 
rapidly  and  shade  the  ground  as  soon  as  possible,  thus  protecting 
itself  from  harmful  weeds  and  lessening  the  cost  of  cultivation.  The 
later  welfare  of  the  plantation  may  also  be  affected  by  its  early  pros- 
perity. The  shading  of  the  ground  not  only  helps  to  maintain  favor- 
able soil  conditions  and  thus  conduces  to  larger  crops,  but  larger 
numbers  of  the  quick-growing  sword  suckers  are  produced  in  pros- 
perous, shady  plantations.  The  exposure  of  the  base  of  a  banana 
plant  to  much  light  appears  to  stimulate  the  foimation  of  broad- 
leaved  suckers,  as  though  the  plants  had  the  intention  to  occupy  the 
surrounding  land  before  turning  their  attention  to  the  production 
of  fruit. 

THE  PLANTING  OF  RESTING  TUBERS. 

Although  the  production  of  many  broad-leaved  suckers  may  be 
considered  to  represent  an  unfavorable  condition  in  a  plantation, 
they  are  not  without  interest  and  utility  from  other  points  of  view. 
The  much  greater  abundance  in  which  the  broad-leaved  suckers  are 
produced  would  render  them  of  very  distinct  importance  in  any 
attempt  to  propagate  a  new  variety  or  special  strain  derived  from  a 
single  superior  plant.  A  rootstock.  can  not  be  expected  to  produce 
more  than  three  or  four  sword  suckers  at  one  time,  while  a  score,  or 
perhaps  several  scores,  of  broad-leaved  shoots  might  be  obtained  if 
a  plant  were  treated  with  this  end  in  view.  Study  might  well  be 
given  to  the  finding  of  differences  in  habits  of  branching.  A  strain 
that  would  produce  only  a  few  suckers  would  be  more  valuable  in  the 
plantation,  for  the  pruning  away  of  superfluous  suckers  is  one  of  the 
chief  items  of  expense  in  many  banana  plantations.  Such  a  strain 
might  be  at  a  disadvantage,  however,  in  furnishing  stocks  for  new 

to  grow  to  about  8  or  10  feet  iu  height  and  which  have  large  bulbs  at  their  baae. 
No  small  suckers,  such  as  we  choose  in  this  colony,  are  taken.  In  preparing 
their  suckers  for  planting  the  Jamaicans  cut  down  those  selected  to  within  aboat 
6  inches  of  the  ground  and  then  dig  out  the  bulbs.  All  the  old  roots  are  then 
trimmed  off,  and  the  bulb  is  planted  so  that  the  eyes  are  at  least  3  or  4  inches 
below  the  level  of  the  ground.  From  this  bulb  three  or  four  suclsers  will  ^ring 
up.  The  strongest  one  is  selected,  and  all  the  others  are  pruned  off  until 
June,  when  one  or  two  suckers  are  left,  and  then,  again,  all  others  are  pruned 
off  until  October,  when  there  is  again  left  either  one  or  two,  and  finally  another 
is  left  the  following  I'^ebruary.  It  is  calculated  that  the  first  suckers  should 
fruit  in  the  following  March,  the  June  suckers  in  May,  the  October  ones  in 
February  or  March,  twelve  months,  and  the  February  one  In  May  or  Jnne. 
twelve  months.  This  system  for  timing  is  the  outcome  of  long  experience  and 
could  not  be  adopted  in  this  colony  without  modification  on  account  of  differ- 
ences iu  climatic  and  rainfall  conditions." 
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plantations,  unless  it  could  be  made  to  yield  more  numerous  offshoots 
when  these  were  required. 

The  use  of  the  hardened  resting  tubers  may  be  considered  as  the 
ideal  condition  for  shipping  propagating  stock  of  the  banana  from 
one  country  to  another.  The  question  of  diversifying  the  American 
banana  industry  by  the  importation  of  some  of  the  superior  types  of 
banana  of  the  Old  World  has  often  been  raised.  One  of  the  diffi- 
culties has  been  to  obtain  new  stocks  in  sufficient  quantity,  even  for 
adequate  experiments  to  be  made.  This  has  appeared  to  stand  in  the 
way  of  any  immediate  practical  results  being  obtained,  and  has  un- 
doubtedly tended  to  discourage  attempts  to  obtain  superior  varieties. 
It  is  also  possible  that  the  broad-leaved  suckers  may  be  found 
useful  in  dealing  with  some  of  the  banana  diseases  that  appear  to 
indicate  a  weakening  of  the  vitality  of  some  of  the  best  strains  of 
the  commercial  banana,  as  in  the  case  of  some  of  the  superior  varieties 
of  sugar  cane.  The  sugar  planters  of  Java  bring  down  new  stock 
from  the  mountains,  because  the  mountain-grown  canes  have  been 
found  more  resistant  to  disease  than  the  same  variety  grown  con- 
tinuously in  the  lowland  plantations. 

The  tuber-like,  broad-leaved  suckers  that  are  formed  on  uprooted 
banana  plants  may  be  looked  up>on  as  a  resting  state,  and  may  be 
expected  to  have  a  relation  to  subsequent  vigor  of  growth.  An 
interruption  of  growth  might  be  directly  beneficial,  or  if  different 
conditions  prove  to  be  necessary,  as  in  the  case  of  the  sugar  cane,  the 
tubers  would  greatly  facilitate  the  exchange  of  propagating  material. 
They  could  be  collected  and  transported  from  one  district  to  another 
mufch  more  readily  and  cheaply  than  the  large,  heavy  sword  suckers. 

As  a  means  of  testing  the  possible  effect  of  the  resting  stage  upon 
the  subsequent  behavior  of  the  plants,  a  suggestion  was  made  in  1903 
to  Prof.  H.  Pittier,  who  soon  after  took  charge  of  the  experimental 
plantations  of  the  United  Fruit  Company  in  Costa  Rica,  that  plant- 
ii^  be  made  of  these  potato-like  tubers  to  see  whether  any  differ- 
ences of  behavior  would  be  shown.  In  1904  a  hectare  (about  2 J 
acres)  of  land  was  planted  with  these  small  resting  tubers,  instead 
of  the  usual  sword  suckers.  The  growth  of  the  plants  was  unex- 
pectedly rapid  and  did  not  fall  behind  that  of  the  neighboring  fields 
that  were  planted  with  lar^e  sword  suckers.  The  first  crop  was 
nmtured  in  about  nine  months,  the  usual  time  under  the  Costa  Rican 
conditions,  and  with  more  than  usual  uniformity,  each  plant  pro- 
ducing a  large,  well-formed  cluster  of  fruit.  It  was  also  noticed 
that  the  plants  of  this  field  produced  very  few  suckers  around  the 
base  until  after  fruiting,  in  very  distinct  contrast  with  adjoining 
fields  planted  with  the  sword  suckers.  When  Professor  Pittier  made 
a  visit  to  Costa  Rica  in  1907,  three  years  after  the  beginning  of  the 
19a 
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experiment,  this  field  still  appeared  very  distinctly  superior  to  any 
of  the  adjoining  areas* 

Although  no  observations  or  tests  were  made  to  determine  the 
resistance  of  these  plants  to  disease,  it  is  apparent  even  from  this 
single  experiment  that  commercial  crops  of  bananas  can  be  produced 
under  conditions  that  would  give  a  considerable  measure  of  protec- 
tion against  disease.  The  resting  tubers  would  be  much  less  likely 
to  convey  diseases  than  the  sword  suckers,  and  could  be  much  more 
easily  disinfected.  Some  of  the  banana  diseases  that  become  veiy 
serious  in  old  plantations  appear  to  have  little  or  no  effect  upon 
vigorous  young  plantations  under  favorable  conditions.  The  more 
frequent  replanting  of  bananas,  every  two  or  three  years,  is  being 
advocated  among  the  Jamaica  planters,  because  the  old  stocks  are 
thought  to  '*"  run  out  ^'  and  become  less  vigorous,  and  also  becfiuse  the 
young  plants  can  be  brought  into  fruit  with  greater  regularity.* 

The  possibility  of  producing  a  full  and  regular  crop  of  large 
clusters  of  fruit  by  the  use  of  tubers  instead  of  sword  suckers  would 
also  make  it  more  feasible  to  use  bananas  in  a  rotation  of  crops,  a 
policy  which  may  prove  to  be  as  desirable  in  tropical  cultures  as  in 
those  of  temperate  regions,  if  a  permanent  use  of  the  land  is  to  be 
maintained.  If  the  destructive  policy  of  raising  bananas  for  a  few 
years  and  then  abandoning  the  land  continues  to  be  followed  in 
Central  America,  it  will  probably  not  require  many  decades  to  ex- 
haust all  the  districts  that  are  well  suited  to  banana  culture  and  at 
the  same  time  readily  accessible  from  the  United  States-  In  a  few 
favored  spots  where  soil  conditions  are  ideal  or  where  new  soil  con- 
tinues to  be  deposited  by  floods  of  adjacent  rivers,  permanent  cul- 
tures may  be  maintained,  but  in  most  places  the  prosperity  of  a 
banana  plantation  appears  to  have  definite  natural  limits. 

COMPABISONS  OP  DIFFEBENT  SYSTEMS  AND  TYPES  OF  B&AHCHBS. 

One  reason  why  dimorphism  of  branches  has  not  received  more 
attention  is  doubtless  to  be  found  in  the  fact  that  current  botanical 
classifications  of  buds  and  branches  do  not  provide  adequate  recogni- 
tion for  the  different  kinds  of  diversity  shown  by  the  branches,  as 
among  these  tropical  crop  plants.  The  view  generally  stated  or 
implied  in  text-books  is  that  branches  are  to  be  divided,  with  refer- 
ence to  their  methods  of  origin,  into  two  principal  kinds,  axillanr 

a  "  There  Is  a  growing  tendency  throughout  the  whole  island  to  reduce  the 
period  of  ratooning  and  to  replant  every  two  or  three  years,  as  It  Is  found  that 
by  so  doing  the  crops  may  be  better  timed  for  the  American  market,  as  after 
first  ratoons  the  plants  fruit  somewhat  Irregularly."  (See  Stockdale,  F.  A., 
"  The  Question  of  a  Banana  Industry,"  Journal  of  the  Board  of  Agriculture  of 
British  Guiana,  vol.  3,  no.  2,  1909,  p.  81.) 
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Mid  adventitious.  This  compels  us  to  infer  that  branches  which 
do  not  come  from  the  axils  of  the  leaves  must  be  regarded  as  adventi- 
tious, or  to  some  extent  irregular  and  abnormal. 

It  may  be  that  the  present  series  of  facts  of  dimorphism  will 
incline  botanists  as  well  as  planters  to  take  into  account  the  normal 
ind  regular  existence  of  branches  which  are  neither  truly  axillary 
lor  truly  adventitious.  It  is  as  impossible  to  understand  the  habits 
)f  growth  of  the  plants  from  the  botanical  standpoint  as  it  is  to  find 
»rrect  principles  of  cultivation  and  pruning  without  seeing  that 
lie  same  plant  can  produce  two  or  more  kinds  of  branch  organs 
issentially  distinct  from  each  other  in  position,  form,  and  -function. 

The  different  systems  of  branching  have  evidently  been  specialized 
«  independent  lines  that  could  hardly  be  described  on  the  basis  of 
he  usual  classification  of  branches  into  two  general  classes — axillary 
nd  adventitious.  There  should  be  no  implication  that  extra-axillary 
Kids  are  of  necessity  adventitious,  or  that  extra-axillary  or  adven- 
itious  buds  are  less  important  in  any  particular  plant  than  axillary 
mds.  There  are  no  general  relations  between  the  position  and  the 
unction,  nor  between  the  position  and  the  time  of  appearance,  nor 
et  between  the  time  of  appearance  and  the  function.  There  are  no 
general  principles  that  apply  to  the  dimorphic  branches  of  all  the 
Ifferent  plants,  nor  do  any  two  of  them  fully  agree. 
The  extra-axillary  branches  of  the  coffee  have  the  fruit-bearing 
tmetions  of  the  axillary  branches  of  Castilla,  while  the  axillary 
prights  of  coffee  correspond  functionally  to  extra-axillary  uprights 
F  Castilla.  The  axillary  branches  of  Castilla  must  be  considered 
I  more  definitely  limited  on  the  vegetative  side  than  the  extra- 
rillary  branches  of  the  other  plants,  in  view  of  their  temporary 
iture. 

The  specializations  shown  in  the  branches  of  the  cotton  plant  are 
I  some  respects  quite  the  opposite  of  those  of  the  Central  American 
ibber  tree.  The  flowers  and  fruit  of  the  cotton  plant  are  borne  on 
rtra-axillary  branches,  those  of  Castilla  on  the  axillary  branches. 
be  vegetative  limbs  of  Castilla  are  all  extra-axillary,  while  those 
:  cotton  are  axillary.  The  axillary  or  fertile  branches  of  Castilla 
«  temporary,  while  the  extra-axillary  serve  as  permanent  divisions 
^  the  main  stem.* 

CoflTee  agrees  better  with  cotton  than  with  Castilla,  since  it  is  the 
allary  buds  which  give  rise  to  the  permanent,  upright  shoots.  The 
tra-axillary  branches  of  cotton  and  coffee  are  also  alike  in  the  bear- 
g  of  fruit.  Though  extra-axillary  in  position  they  can  hardly  be 
lied  adventitious.  Indeed,  they  are  less  adventitious  than  the  axillary 
anches,  for  they  are  developed  with  far  greater  regularity.  Extra- 
illary  buds  in  cotton  and  coffee  seem  to  lack  the  power  of  remaining 
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dormant.  They  do  not  appear  to  be  present  on  young  plants,  and 
they  are  never  added  after  the  intemode  and  its  leaf  or  leaves  have 
become  mature.  They  are  laid  down  with  regularity  as  a  part  of  eadi 
intemode  of  the  adult  plant. 

The  extra-axillary  buds,  both  in  cotton  and  coffee,  are  developed 
with  the  same  invariable  regularity  as  the  leaves  themselves.  They 
resemble  adventitious  buds  only  in  the  technical  sense  that  their  posi- 
tion is  extra-axillary.  Considered  from  the  standpoint  of  the  habit 
and  functions  of  the  plant,  they  are  not  more  adventitious  than  the 
terminal  or  the  axillary  buds. 

Before  the  young  intemode  emerges  from  between  the  stipules  of 
the  coffee  leaves,  the  three  buds  that  give  rise  to  the  central  axis  and 
the  two  lateral  branches  can  be  found  standing  in  a  row  with  the  axil- 
lary buds  and  only  very  slightly  above  them.  Later  on  the  three 
buds  are  pushed  out  nearly  together,  but  the  middle  one  soon  leaves 
the  other  two  behind.  Strictly  speaking,  therefore,  the  extra-axiUai] 
branches  of  coffee  arise  from  subterminal  buds.  After  the  brandiei 
are  formed  there  is  no  internal  indication  of  a  joint  or  septum;  tbi 
pith  is  quite  continuous.  Thus  an  intemode  of  a  main  stem  or  i| 
upright  branch  of  coffee  does  not  appear  to  be  a  simple  cylinder,  buti 
three-armed  fork  or  trident. 

The  lateral  branches  of  the  coffee  plant  do  not  normally  brand 
again,  though  they  can  be  forced  to  do  so  by  pruning.  The  secondai] 
lateral  branches  are  produced  from  sterilized  flower  buds,  and  haw 
only  the  characters  of  laterals,  never  of  uprights.  Persistent  prunini 
may  exhaust  all  the  buds  capable  of  forming  uprights  and  leave  th( 
tree  a  tangle  of  horizontal  or  drooping  branches,  apparently  withool 
the  power  to  put  forth  any  more  uprights. 

Branches  of  definitely  limited  possibilities  of  vegetative  growth 
like  the  fruiting  branches  of  coffee  and  Castilla,  may  be  considered  ai 
having  intermediate  functions  between  those  of  leaves  and  of  ori 
dinary  types  of  vegetative  branches.  The  leaves  of  Begonia  ad 
Bryophyllum,  which  produce  plantlets  from  adventitious  buds,  ami 
the  leaf -like  flower-bearing  organs  of  Phyllanthus  and  Phyllononfl 
represent  other  intermediate  stages  between  ordinary  leaves  and 
branches.  The  leaf-like  branch  organs  of  some  of  the  relatives  d 
asparagus,  such  as  Ruscus  and  Semele,  might  be  mentioned  in  th 
same  connection.  Even  the  tobacco  leaf  may  develop  a  row  of  veg& 
tative  buds  along  the  base  of  the  midrib.  The  axillary  branches  oi 
Castilla  are  as  definitely  deciduous  as  the  leaves.  The  permanenl 
branches  of  coffee  are  formed  from  axillary  buds,  while  those  of  Ca& 
tilla  appear  to  be  adventitious  as  regards  the  time  of  development 
though  they  have  definite  positions. 

Unless  the  different  branch  organs  are  to  receive  distinctive  names 
in  each  of  the  different  plants,  it  will  be  necessary  to  content  our- 
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dves  with  a  few  general  terms  that  will  enable  us  to  indicate  more 
irectly  the  nature  of  these  various  kinds  of  branches.  A  primary 
istinction  can  be  made  as  to  whether  a  bud  is  laid  down  when  the 
ranch  grows  or  is  formed  afterwards  from  unspecialized  tissues  of 
le  bark.  Buds  that  are  not  adventitious  in  the  latter  sense,  but  are 
>nned  with  the  growth  of  the  intemode  to  which  they  belong,  might 
e  called  natal  buds. 

Adventitious  branches  are  not  supposed  to  have  regularity  of  posi- 
lon,  but  such  regularity  should  not  be  allowed  to  obscure  their  ad- 
entitious  character  if  they  are  iormed  subsequent  to  the  growth  of 
je  internode.  The  loss  of  the  original  axillary  bud  may  be  followed 
Y  the  development  of  an  adventitious  axillary  bud,  as  happens  in 
>ffee.  Also  the  flower  buds  of  coffee  appear  to  be  adventitious  to  a 
cry  considerable  extent,  and  perhaps  altogether  so.  With  severe 
nining,  leafy  branches  may  also  be  forced  from  the  axils  of  the 
aves  of  the  fruiting  branches  long  after  the  normal  production  of 
owers  and  fruits  would  have  ceased.  This  may  be  taken  to  show 
tther  that  additional  adventitious  buds  can  be  formed  in  the  axils 
fter  the  fruiting  period  is  past,  or  that  the  axillary  buds  of  the 
ruiting  branches  have  previously  remained  dormant  and  not  taken 
art  in  the  production  of  flowers  and  fruit. 

The  fact  that  flower  buds  can  be  adventitious  only  emphasizes  the 

lore  the  absence  of  any  general  connection  between  origins,  positions, 

Dd  functions,  for  plants  have  always  had  flowers,  or  at  least  the 

iBential  sexual  organs,  even  before  they  had  the  present  specializations 

f  their  vegetative  parts  into  branches  and  leaves.    Flower  buds  could 

ever  be  considered  adventitious  if  we  were  to  attach  any  functional 

aise  to  the  term,  but  they  appear  adventitious  with  respect  to  the 

me  and  method  of  origin  on  the  individual  plant. 

The  terms  axillary  and  extra-axillary  are  sufficient,  perhaps,  for 

le  designation  of  the  positions  of  the  two  kinds  of  buds  on  any  par- 

cular  plant,  but  as  a  general  term  extra-axillary  is  extremely  in- 

sfinite.     It  groups  together  buds  arising  from  internodes  of  the  stem 

'trunk  and  those  coming  from  the  roots,  as  in  the  plum,  pear,  bread- 

toit,  and  sweet  potato.     It  does  not  distinguish  between  the  condi- 

Bns  to  be  found  in  coffee,  where  the  extra-axillary  branch  is  far 

|ove  the  axil,  and  in  cotton  and  Castilla,  where  the  extra-axillary 

ch  is  at  the  side  of  the  axil. 

me  might  prefer  to  describe  the  cotton  plant  or  the  coffee  tree  as 

ing  two  axillary  buds,  and  thus  avoid  the  tendency  to  confuse 

a-axillary  position  with  adventitious  origin,  but  it  is  evident  that 

scientific  object  can  be  gained  by  applying  the  same  name  to  things 

different  as  the  two  kinds  of  branches.     In  the  strictly  mathe- 
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matical  sense  only  one  bud  could  be  axillary.  No  subsequent  advents 
tious  bud  could  be  truly  axillary.  Yet  to  apply  such  a  distinction  U 
coffee  would  reduce  it  almost  to  an  absurdity.  Some  of  the  fruit  budi 
might  be  reckoned  as  axillary,  but  others  closely  adjacent  woul< 
have  to  be  considered  as  extra-axillary.  The  leafy  branches  whid 
can  be  forced  from  these  same  axils  by  pruning  would  be  axiUary  i 
they  came  out  first,  or  extra-axillary  if  they  followed  a  crop  o: 
flowers,  a  purely  artificial  distinction.  Instead  of  attempting  t 
establish  too  sharp  a  contrast  between  axillary  and  extra-axillary  i 
would  be  better  to  admit  a  third  and  intermediate  positional  categor 
of  adaxillary  branches,  for  those  that  stand  close  to  the  axil,  as  dis 
tinguished  from  extra-axillary  branches  that  are  distinctly  separate 
from  the  axil. 

If  many  buds  arise  simultaneously  or  successively  from  the  axillar 
position,  or  as  near  to  it  as  they  can  be  placed,  they  might  be  term© 
coaxillary.  The  inflorescence  branches  of  coffee  could  be  described  i 
coaxillary,  and  probably  those  of  Cuscuta.® 

In  describing  the  functions  of  branches,  distinctions  are  also  to  I 
observed.  Some  branches  are  completely  vegetative  and  produce  n 
flowers  or  inflorescences;  some  are  completely  reproductive,  in  tk 
sense  that  they  bear  only  floral  buds.  Between  the  two  extremes  i 
great  multiplicity  of  intervening  stages  exists.  Sometimes  brancbi 
which  normally  bear  fruit  can  be  sterilized  and  rendered  purd; 
vegetative.  In  some  plants  all  branches  have  equal  vegetative  poteu 
tialities;  in  others,  as  in  coffee,  cotton,  and  Castilla,  the  upright  mtii 
stems  are  different  from  the  lateral  fruiting  branches.  In  som 
plants  these  lateral  branches  can,  in  case  of  accident,  become  substi 
tutes  for  upright  stems;  in  others,  they  can  furnish  buds  from  whid 
upright  stems  can  arise ;  in  still  others,  the  lateral  branches  are  witli 
out  the  i)ower  to  replace  the  main  steam. 

The  existence  of  two  or  more  buds  in  or  about  the  axil  of  a  leaf! 
known,  of  course,  in  many  plants  and  has  been  recognized  by  writei 
on  plant  morphology,  but  definite  specializations  of  positions  an 
functions  have  not  received  the  attention  required  by  the  agricultun 
importance  of  such  facts.  As  long  as  no  difference  of  function  hasi 
be  considered,  additional  buds  can  be  considered  as  mere  substitutf 

or  accessories  of  the  true  axillary  bud.    Thus  Pax*  recognizes  wb 

'         —^^^^-^-^—^^^^^—^^^  I  —  — ^ 

<»Dr.  C.  E.  Bessey,  lu  a  paper  on  the*  adventitious  inflorescence  of  Cu^ 
glomerata,  stated  that  the  examination  of  young  plants  shows  that  the  1 
florescence  is  developed  from  numerous  crowded  adventitious  buds  and  not  I 
the  repeated  braiicliini?  of  axillary  flowering  branches,  as  commonly  state 
Science,  vol.  4,  18S4.  p.  342. 

^Pax,  F.     Allgeuieine  Morphologic  des  Tflaussen,  p.  16. 
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!ie  calls  "  beisprossen,"  or  accessory  shoots,  and  subdivides  these  into 
two  classes:  (1)  Serial  shoots,  if  they  arise  one  above  the  other,  and 
(2)  collateral  shoots,  if  they  appear  side  by  side. 

Until  more  general  studies  and  classifications  of  methods  of  branch- 
ing can  be  made  it  seems  best  to  retain  the  ordinary  designations  of 
uprights,  laterals,  etc.,  especially  in  connection  with  plants  to  which 
these  terms  have  already  been  applied.  All  that  can  be  attempted  at 
present  is  to  indicate  the  varied  relations  between  the  different  posi- 
tions and  functions  of  branches  in  the  plants  that  have  been  studied. 

SUMMABY  OF  TYPES  OF  BBANCHES. 

The  characters  of  the  different  kinds  of  branch  individuals  of  cot- 
ton and  the  other  plants  with  which  it  has  been  compared  can  be 
defined  or  briefly  described  as  follows. 

BRANCHES  OF   COTTON. 

(1)  Axillary  limbs. — Natal  axillary  branches  which  never  produce 
flowers,  but  are  like  the  main  axis  of  the  plant  in  forming  at  each 
node  an  axillary  vegetative  bud  and  an  adaxillary  bud  that  may  give 
rise  to  a  vegetative  or  a  fertile  branch. 

(2)  Fertile  branches. — Natal  adaxillary  branches  which  produce 
a  flower  bud  on  each  intemode,  in  an  adaxillary  position,  and  an 
axillary  vegetative  bud. 

(2a)  Vegetative  branches. — Natal  adaxillary  branches  which  haye 
the  same  form  and  functions  as  the  main  stem  or  the  axillary  limbs. 

In  varieties  that  have  normally  complete  dimorphism  of  the 
branches,  axillary  buds  give  rise  to  vegetative  branches  only.  Adax- 
illary buds  can  produce  fertile  branches  or  vegetative  branches,  ex- 
cept on  fertile  branches,  where  they  produce  flowers. 

The  cotton  flower  is  always  solitary,  except  in  cases  oT  fasciation, 
(hat  are  rather  common  in  cluster  varieties.  Being  extra-axillary, 
the  flower  is  not  directly  subtended  by  a  leaf  or  a  bract,  though  there 
is  a  whorl  of  three  bract  leaves  at  the  end  of  the  simple  peduncle. 

BRANCHES  OF  CASTILLA. 

(1)  Temporary  branches, — Natal  axillary  branches  producing 
leaves  and  inflorescences;  short  lived  and  deciduous;  not  able  to  serve 
as  main  stems. 

(2)  Permanent  branches. — Adventitious  adaxillary  or  extra-axil- 
lary branches,  bearing  leaves  and  temporary  branches,  but  no  inflo- 
rescence branches ;  serving  as  permanent  divisions  of  the  main  stem. 
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(3)  Inflorescence  branches, — Natal  coaxillary  branches  borne  on 
the  temporary  branches  in  clusters  of  four  male  inflorescences  or  two 
male  and  one  female. 

BRANCHES  OF  COFFEE. 

(1)  Upright  branches. — Natal  axillary  branches  not  producing  in- 
florescence branches;  serving  as  equivalents  of  the  main  stem. 

(2)  Lateral  branches. — Natal  extra-axillary  branches  attached  to 
the'  bases  of  the  internodes  of  the  main  stem  or  of  the  upright 
branches.  Lateral  branches  produce  leaves,  inflorescence  branches, 
and  secondary  laterals,  but  are  unable  to  replace  the  main  stem. 

(2a)  Secondary  lateral  branches. — Adventitious  branches  arising 
from  axillary  buds  of  the  lateral  branches.  They  are  inflorescence 
branches  pushed  into  vegetative  growth  by  severe  pruning.  In  form 
and  function  they  agree  with  the  lateral  branches. 

(3)  Inflorescence  branches. — Natal  and  adventitious  coaxillaiy 
branches  borne  in  clusters  on  lateral  and  secondary  lateral  branches. 

BRANCHES   OF   CACAO. 

(1)  Upright  branches. — Probably  adventitious  extra-axillaij 
branches,  bearing  long-petioled  leaves  and  able  to  produce  branches 
of  all  three  kinds  and  to  become  permanent  parts  of  the  main  stem. 

(2)  Whorled  branches. — Natal  axillary  branches  produced  in 
whorls  and  terminating  upright  branches.  Whorl  branches  bear 
short-petioled  leaves,  lateral  branches,  and  inflorescence  branches,  bat 
are  unable  to  replace  the  main  stem. 

(2a)  Lateral  branches. — Natal  axillary  branches  produced  by 
whorled  branches  and  having  the  same  functions;  not  producing 
whorled  branches  or  main  stems. 

{3)Inforescence  branches. — Adventitious  extra-axillary  branches 
arising  from  the  mature  wood  of  the  main  trunk  and  the  whorled  and 
lateral  branches,  without  power  to  replace  the  main  stem  or  the 
vegetative  branches. 

BRANCHES  OF  THE  BANANA  PLANT. 

(1)  Si(W7'd  suckers. — True  branches  of  the  rhizome  that  arise  from 
subterranean  buds,  develop  large  bulbous  bases,  and  put  forth  narrow 
leaves  when  young. 

(2)  Broad-leaved  suckers. — Offshoots  adapted  for  separate  vegeta- 
tive propagation,  arising  from  superficial  buds  and  bearing  broad- 
bladed  leaves  while  still  young. 
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The  relations  between   the  positions  and  the   functions  of  the 
branches  of  the  four  woody  plants  are  summarized  as  follows : 

Summary  of  the  classification  of  branches. 


Description. 

Cotton 

> 

CastlUa. 

Coffee. 

Cacao. 

1. 
X 

2. 
X 

2a. 
X 

1. 
X 

2. 
X 

"x"' 

X 

1. 
X 

2. 
X 

2a. 

1. 

2. 

Orf^: 

Natal  buds 

X 

Adventitious  boda 

X 
X 

X 

Position: 

Axillary 

X 

X 

X 

X 

Adaxflfary. 

X 

X 

Extra-axillary 





X 

X 

X 

X 
X 

BepiodocUve  function : 

Fertile 

X 

"x" 

"x' 

X 

X 

X 

Sterile 

X 
X 

1    

X 

V 

X 
X 

Vegetative  function : 

Able  to  form  main  stems 

X 

Not  able  to  form  main  stems 

X 

X 

X 

X 

CONCLUSIONS. 

Definite  dimorphism  of  branches  exists  in  at  least  five  important 
tropical  crop  plants — cotton,  coffee,  cacao,  the  Central  American 
rubber  tree  (Castilla),  and  the  banana.  Each  normal  plant  pro- 
duces two  kinds  of  branches,  with  regular  differences  of  form  and 
function. 

The  factor  of  branch  dimorphism  must  be  taken  into  account  in 
the  scientific  study  of  the  structure  and  habits  of  all  these  plants, 
as  well  as  in  the  breeding  and  adaptation  of  varieties.  Systems  of 
cultivation  and  pruning  must  likewise  be  planned  with  reference 
to  the  habits  of  branching. 

In  each  species  there  is  a  definite  relation  between  the  functions 
of  the  branches  and  their  positions  or  places  of  origin  on  the  inter- 
nodes,  but  there  is  no  general  relation  of  position  to  function  that 
applies  to  all  the  species,  or  even  to  any  two  of  them.  It  is  neces- 
sary to  consider  each  plant  separately  in  order  to  understand  the 
agricultural  importance  of  the  dimorphism  of  the  branches. 

In  the  cotton  plant  the  branches  that  arise  in  the  axillary  posi- 
tion have  vegetative  functions  only,  like  the  main  stalk.  The 
branches  that  produce  the  flowers  and  fruit  are  extra-axillary ;  that 
is,  they  arise  at  one  side  of  the  axillary  branch  or  bud.  Branches 
with  the  vegetative  form  and  functions  may  replace  the  fruiting 
branches,  in  the  extra-axillary  position,  but  no  normal  fruiting 
branches  develop  in  the  axillary  position. 

The  definite  differentiation  of  the  two  kinds  of  branches  represents 
a  normal  condition  in  all  the  types  of  cotton  that  have  been  studied 
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DBSCBIPTIOK  OF  PLATES. 

Plate  I.  Abnormal  branches  and  involucres  in  the  Dale  variety  of  Egyptian 
cotton,  where  such  abnormalities  are  especially  common,  though  they  occot 
also  in  other  Egyptian  varieties,  as  well  as  in  Upland  cotton.  The  figure 
near  the  upper  left-hand  fomer  of  the  plate  represents  a  normal  involucre 
of  Egyptian  cotton  seen  from  the  side,  so  that  only  one  of  the  three  bracts 
is  shown.  The  figure  at  the  top  of  the  plate  and  tliat  with  the  largest  leaf 
immediately  below  represent  the  first  stages  of  transformation  from  leaves 
to  bracts,  with  the  stipules  enlarged,  the  petiole  shortened,  and  the  blade 
reduced  in  size,  but  retaining  the  texture  of  a  normal  leaf.  Other  flgnres 
show  intermediate  conditions,  with  the  petiole  suppressed,  the  blade  more 
reduced  and  united  with  the  stipules,  and  the  texture  becoming  the  same 
as  in  an  ordinary  involucral  bract  The  lower  right-hand  figure  shows  an 
involucre  with  only  two  bracts,  the  upper  bract  still  of  the  intermediate 
form,  while  the  lower  is  nearly  normal,  except  at  the  base,  where  there  is 
an  unusually  large  bractlet.     (Natural  size.) 

Plate  II.  Bolls  produced  on  short  axillary  branches  of  the  Dale  variety  of 
Egyptian  cotton.  The  long  stalks  of  these  bolls  represent  the  fused  Joints 
of  rudimentary  branches,  as  shown  by  the  presence  of  small  bract! Use  leaves 
and  stipules.  In  the  figure  on  the  left-hand  side  of  the  plate  there  is  a 
bractlike  organ  in  the  position  that  would  be  occupied  by  a  leaf  on  a  normal 
fruiting  branch.  In  the  figure  at  the  l)ottom  of  the  page  this  organ  is  re- 
duced to  the  size  of  a  stipule,  while  on  other  stalks  it  is  entirely  absent 
One  stalk  is  distinctly  jointed  and  bears  two  trails  in  a  double  involucre,  an 
example  of  fasciation.  The  right-hand  figure  shows  an  abortive  fmiting 
branch  ending  in  a  single  leaf  with  enlarged  stipules,  and  a  simple  axiilaiy 
branch  bearing  a  normal  boll.     (Natural  size.) 

Plate  III.  Part  of  a  Maragogipe  coffee  tree  on  the  Sepacuite  plantation,  Alta 
Vera  Paz,  Guatemala,  showing  three  upright  branches  bearing  numerous 
horizontal  lateral  branches.  The  leaves  of  this  variety  are  larger,  heavier. 
and  more  inclined  to  be  crumpled  than  those  of  the  ordinary  Arabian  coffee. 
(Greatly  reduced.) 

Plate  IV.  The  left-hand  figure  shows  one  intemode  of  a  very  young  upright 
and  a  complete  internode  of  one  of  its  lateral  brandies,  projecting  under- 
neath the  right-hand  figure.  The  right-hand  figure  shows  an  older  upri^t 
where  pruning  has  forced  the  growth  of  two  new  upright  branches,  with 
short  basal  intemodes,  arising  l>elow  the  bases  of  the  nearly  horiaontal 
lateral  branches.    (Natural  size.) 

Plate  V.  A  diseased  condition  of  the  lateral  branches  of  Arabian  coffee  in 
eastern  Guatemala,  where  the  branching  of  the  laterals  lias  been  forced  by 
persistent  pruning.     (Natural  size.) 

Plate  VI.  A  young  cacao  tree  on  the  Trece  Aguas  plantation,  Alta  Vera  Pai» 
Guatemala,  showing  the  normal  method  of  producing  branches  In  whorla 
The  whorled  branches  do  not  give  rise  to  upright  shoots,  which  devetop 
from  the  side  of  the  old  uprights  underneath  the  whorls.    (Greatly  reduced.) 

Plate  VII.  Fig.  1. — Petioles  of  leaves  from  uprights  of  cacao.  The  upri^ 
branches  of  the  cacao  produce  leaves  with  the  long  petioles  (left-hand  side 
of  the  figure).  The  whorled  branches  produce  leaves  with  short  petioles 
(right-hand  side  of  the  figure).  (Natural  size.)  Fig. 2. — Section  through 
the  rhizome  of  a  banana  plant  showing  that  sword  suckers  are  true 
branches  of  the  rhizome,  unlike  the  broad-leaved  suckers  tliat  arise  from 
buds  near  the  surface  of  the  ground.    (Greatly  reduced.) 
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.  T.  I.— eoo. 

THE  DETERMINATION  OF  THE  DETERIORATION 
OF  MAIZE,  WITH  INCIDENTAL  REFERENCE 
TO  PELLAGRA. 


INTRODircnOK. 

The  recent  recognition  of  cases  of  pellagra  in  this  country,  princi- 
[>aUy  in  the  Southern  States,  and  the  supposed  connection  of  the 
lisease  with  the  consumption  of  unsound  com^  have  called  atten- 
tion to  the  lack  of  methods  by  which  to  test  the  fitness  of  com  and 
com  meal  for  human  consumption.  There  is  every  reason  to  believe 
that  sound  com  is  a  most  wholesome  food.  Whether  com  that  has 
been  heated,  fermented,  or  molded  is  equally  safe  is  another  question. 
That  it  is  unsafe  and  the  cause  of  pellagra  is  so  firmly  believed  in 
Italy  and  the  Austrian  Province  of  the  Tyrol  that  the  Governments 
of  these  countries  have  enacted  stringent  laws  regulating  the  quality 
of  com  and  com  meal  which  may  be  sold  or  imported.^  The  possi- 
bility that  spoiled  com  may  possess  poisonous  qualities  seems  to  have 
passed  unnoticed  in  this  country. 

Indeed,  it  is  found  that  with  the  exception  of  such  work  as  that  of 
Osborne  ^  and  others  upon  the  proteins,  little  work  has  been  done 

o  The  tenn  "com"  is  a  general  one,  usually  applied  to  the  chief  cereal  crop  oi  a 
country.  It  is  therefore  not  necessarily  applied  everywhere  to  the  same  cereal. 
Thus,  in  England,  it  is  applied  to  wheat,  and  in  the  United  States  to  maize  (Indian 
com).  The  terms  Indian  com,  maize,  and  com  will  be  used  interchangeably  in  this 
paper. 

^  BoUettino  Ufficiale  del  Ministero  d'Agricoltura,  Industria,  e  Commercio,  Rome, 
new  series,  vol.  4,  no.  4,  October,  1902,  pp.  66^-666. 

Gesetz  und  Verordnungsblatt  fOr  die  geftkrstete  Gralschaft  Tyrol  und  das  Land 
Vonrlbei^,  1904,  no.  12,  p.  57. 

«  Chittenden,  R.  H.,  and  Osborne,  T.  B.  A  Study  of  the  Proteids  of  the  Com  or 
Maize  Kernel.  American  Chemical  Journal ,  vol.  13,  1891,  pp.  453  and  529,  and  vol. 
14, 1892,  p.  20. 

Osborne,  T.  B.  The  Amount  and  Properties  of  the  Proteids  of  the  Maize  Kernel. 
Journal  of  the  American  Chemical  Society,  vol.  19,  1897,  p.  525. 

Osborne,  T.B.,and  Harris,  I.  F.  The  Specific  Rotation  of  Some  V^etable  Pro- 
teins.   Journal  of  the  American  Chemical  Society,  vol.  25,  1903,  p.  842. 

Osborne,  T.  B.,  and  Clapp,  S.  H.  Hydrolysis  of  the  Proteins  of  Maize.  American 
Journal  of  Physiology,  vol.  20,  1908,  p.  477. 

Osborne,  T.  B.,  and  Hatris,  I.  F.  Nitrogen  in  Protein  Bodies.  Journal  of  the 
American  Chemical  Society,  vol.  25,  1903,  p.  323. 
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upon  the  chemistry  of  com.  Most  investigators  have  content 
themselves  with  the  determination  of  protein,  carbohydrate,  fat,  ail 
ash.  Some  have  also  studied  certain  of  the  simpler  constants  | 
these  groups  of  substances.  The  attempt  to  disentangle  the  mixtnl 
of  complex  substances  of  which  the  com  seed,  like  any  other  livil 
thing,  is  composed  has  hardly  begun.  The  investigators  of  southell 
Europe  who  had  in  the  alleged  connection  between  pellagra  and  coiii 
a  great  incentive  to  undertake  this  work  have  not  done  so.  II 
southern  Europe,  however,  much  attention  has  been  paid  to  tl 
toxicity  of  spoiled  com,  if  not  to  the  chemistry,  and  the  relevai! 
Uterature  is  very  large. 

It  is  not  the  object  of  this  paper  to  discuss  the  question  whethi! 
pellagra  is  due  to  eating  spoiled  maize.  The  position  taken  is  thi 
whatever  may  ultimately  prove  to  be  the  cause  of  pellagra  the  col 
sumption  of  spoiled  maize  is  undesirable.  Even  if  spoiled  mail 
should  ultimately  be  proved  to  have  nothing  whatever  to  do  witi 
pellagra,  its  consumption  woxild  still  remain  decidedly  objectionabl 
for  the  same  reasons  that  would  apply  to  any  other  form  of  spoila 
food.  Here  the  economist,  the  hygienist,  and  the  agriculturist  mm 
upon  conmion  ground.  If  the  hygienist  should  condemn  com  an 
com,  it  would  react  upon  the  agriculturist  by  narrowing  the  marked 
for  the  country's  chief  crop.  It  is  therefore  of  the  utmost  impor- 
tance to  the  agriculturist  that  the  deterioration  of  com  be  inves 
tigated  in  all  of  its  be'arings  in  order  that  he  may  learn  to  avoid 
the  causes  of  the  spoiling  of  com  and  that  the  consumption  of  spoiled 
com  by  man  may  be  limited.  Ultimately  this  will  be  to  the  interest 
of  all  classes,  whether  growers,  middlemen,  or  consumers.  To  bring 
about  this  result  it  must  be  possible  to  detect  deterioration  in  com. 
This  is  not  always  easy,  even  for  unground  com.  By  drying  moldj 
com,  moving  it  about  in  an  elevator,*  thereby  pohshing  off  the  mold 
which  covers  the  individual  kernels,  and  by  mixing  it  with  sound 
corn  it  is  possible  to  render  the  detection  of  spoiled  corn  difficult 
When  it  is  a  question  of  meal  made  from  spoiled  com  or  meal  made 
from  sound  com  but  spoiled  after  milling,  the  matter  becomes  even 
more  difficult.  In  such  cases  special  methods  are  necessary.  Some 
methods  for  this  purpose  have  been  devised  in  Italy  *  and  Austria.* 

As  far  as  known  no  work  along  these  lines  has  been  published  in 
this  country  or,  indeed,  in  the  English  language.     To  fill  this  gap  by 

a  This  process  is  called  '^running"  and  is  a  common  treatment,  as  it  aerates  and 
thus  helps  to  dry  the  com. 

5  Antonini,  G.    Atti  del  Terzo  Congresso  Pellagralogico  Italiano,  September,  1906. 
Udine,  1907,  p.  70. 

c  Schindler,  J.    Anleitung  zur  BeurteUung  des  Maises  und  seiner  Mahlprodukte 
mit  RUcksichst  auf  ihre  Eignung  als  Nahrungsmittel.     Verfaszt  nber  VeranlasBU]^ 
der  kdniglich  kaiserlichen  Statthalterei  in  Innsbruck.     Innsbruck,  1909. 
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INTRODUCTION.  9 

.  critical  study  of  the  methods  used  in  Europe  and  where  possible 
0  add  to  them  is  the  object  of  the  present  paper.  It  is  hoped  to 
^e  criteria  which  will  enable  manufacturers  of  human  food,  public 
lealth  officers,  the  directors  of  hospitals,  of  insane  asylums,  of  penal 
Bstitutions,  and  others  to  judge  of  the  quality  of  com  and  com 
Heal. 

In  Italy  and  Austria,  where  the  Governments  carefully  control 
he  quality  of  com,  suspected  com  is  examined  by  skilled  govem- 
^nt  experts.  In  this  country,  where  the  examinations  will  be 
nade  in  most  cases  only  upon  the  initiative  of  private  individuals, 
nany  of  the  tests  appUed  abroad  would  often  be  of  little  service 
lecause  they  require  a  considerable  degree  of  chemical  or  bacteri- 
>logical  skm.  What  seems  to  be  needed  in  this  country  is  some 
idequate  test  of  so  simple  a  character  that  it  may  be  applied  by  the 
piamifacturer,  the  health  officer,  or  the  consumer  in  determining 
irfaether  products  or  purchases  are  fit  for  human  food. 

Such  a  test  is  thought  by  the  writers  to  be  the  determination  of 
Qie  acidity  of  com.  This  is  a  well-known  test  in  both  Italy  and 
&.ustria,  where  much  stress  is  laid  on  its  importance.  In  this  work  it 
bas  been  found  the  most  reliable  means  of  distinguishing  good  from 
bad  com.  All  com  is  somewhat  acid,  not  necessarily  to  the  taste, 
but  to  chemical  reagents.  Since  the  spoiling  of  com  is  due  to  fermen- 
tation processes  in  which  acids  are  among  the  products,  the  extent 
to  which  this  deterioration  has  progressed  can  be  measured  by  the 
amount  oi  aeid  present.  It  becomes  necessary  then  only  to  fix  a 
standard  of  acidity  above  which  com  should  be  considered  unfit  for 
food. 

It  is  deaired  at  this  point  to  avoid  creating  a  misunderstanding. 
It  is  desired  most  carefully  to  avoid  producing  the  impression  that 
all  fermented,  heated,  moldy,  or  otherwise  spoiled  com  is  necessarily 
dangerous  to  man.  This  would  hardly  be  in  accord  with  the  facts. 
It  is,  however,  quite  generally  believed  by  the  majority  of  investi- 
gators that  much  of  this  sort  of  com  is  injurious.  As  long  as  no 
more  definite  information  exists  it  seems  the  sane  and  conservative 
eouise  to  bar  as  far  as  possible  damaged  com  from  human  consump- 
tian. 

The  remainder  of  this  paper  will  be  divided  into  two  parts,  the 
first  giving  a  description  of  the  method  of  determining  the  acidity 
of  corn  and  the  second  and  longer  part  designed  for  the  use  of  those 
more  or  less  skilled  in  chemical  manipulations  and  giving  a  critical 
presentation  of  various  methods  of  examination. 
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10  DETEBMINATION   OF  THE  DETERIORATION  OF  BCAIZE. 

PAST  L— XBTKOB  OF  BBTBBKZKZNG  THE  AOIDITT  OF  OOBV. 

Apparatus  neoettary. 
One  graduated  burette. 

One  or  more  50  cubic  centimeter  graduated  glass  flasks  fitted  with  gnmnd-^ba 
stoppers. 
One  or  more  5-inch  glass  funnels. 

One  filter  stand  or  some  appliance  for  holding  funnel  while  filtering. 
Three-inch  filter  papen,  preferably  folded  filters. 
One  or  more  25  cubic  centimeter  graduated  glass  cylinders. 
If  whole  com  is  to  be  examined,  a  mill  is  necessary — a  drug  or  coffee  mill  will  do.« 

ReagenU  necessary. 

Neutral  alcohol.  Such  alcohol  may  be  obtained  from  dealers  in  fine  chemicals. 
If  no  neutral  alcohol  is  at  hand,  it  may  be  readily  prepared  by  the  distiUfttion  ol  the 
ordinary  95  per  cent  alcohol  with  the  addition  of  unslaked  lime.  A  few  lumps  of 
quicklime  are  put  in  a  still  or  retort  of  copper  or  iron;  the  alcohol  is  poured  in  and 
the  still  connected  with  a  water-cooled  condenser.  The  so-called  Liebig  condeiiser 
is  good  for  this  purpose.  The  connections  may  be  made  with  suitably  bent  gks 
tubes  and  cork  or  rubber  stoppers.  A  receiving  vessel  is  placed  under  the  open 
end  of  the  condenser  to  catch  the  alcohol.  The  still  or  retort  is'then  heated  with  a 
nonluminous  flame  till  the  greater  part  of  the  alcohol  has  boiled  over.  All  the  alcohol 
can  not  be  recovered  because  of  the  danger  of  burning  the  still.  An  ordinary  kerosene 
can  may  be  used  as  a  still,  the  spout  of  the  can  being  connected  with^the  condenser. 
If  no  metal  vessel  suitable  for  use  as  a  still  is  at  hand,  a  glass  distilling  flask  may  be 
secured  from  a  dealer  in  chemical  apparatus.  It  is  best  to  use  thoee  made  of  Jeoa 
glass.  The  glass  must  not  be  heated  directly,  but  must  be  heated  over  a  water  bath 
in  the  manner  of  a  double  boiler.  To  accomplish  this  it  is  immersed  up  to  the  be- 
ginning of  its  neck  in  some  sort  of  kettle  filled  with  water.  The  heat  is  then  applied 
to  the  kettle.  The  flask  is  touched  only  by  the  boiling  water.  Care  must  be  taken 
that  the  flask  does  not  break,  for  then  there  is  danger  of  setting  the  alcohol  on  fire. 
A  fire  of  this  kind  is  best  put  out  by  smothering  it  with  sand,  a  small  keg  of  whicfa 
should  be  kept  handy. 

A  solution  of  phenolphthalein  as  indicator. 

Distilled  water. 

Twentieth  normal  caustic  alkali  (NaOH  or  KOH).  This,  too,  may  be  purchased 
from  dealers  in  fine  chemicals.  Only  small  quantities  should  be  purchased  or  made 
at  a  time,  as  it  deteriorates  in  a  month  or  two,  even  if  tightly  stoppered,  when  it 
should  be  replaced  with  fresh  solution. 

Procedure. 

If  the  sample  to  be  tested  is  whole  corn  it  must  first  be  ground  until  all  of  it  can  be 
passed  through  the  20-mesh  sieve.  For  this  purpose  a  faur  sample  should  be  made, 
taking  it  from  different  parts  of  the  lot — the  bottom  as  well  as  the  top.  The  sample 
should  not  be  too  small.  It  should  consist  of  at  least  500  kernels.  If  it  is  meal  no 
further  grinding  is  necessary,  but  the  sample  should  be  a  mixed  one,  consisting  of  po^ 
tions  taken  from  different  parts  of  the  sack.    Ten  grams  of  the  thoroughly  mixed 

a  A  satisfactory  mill  is  depicted  by  C.  S.  Scofield,  in  **The  Commercial  Grading 
of  Com,**  Bulletin  41,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  1903,  pi.  2, 
For  whole  com  a  sieve  made  of  bolting  cloth  with  20  meshes  to  the  inch  will  also  be 
required.  If  meal  only  is  to  be  examined,  both  the  mill  and  the  sieve  may  be  dia* 
pensed  with. 
199 
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flample  are  weighed  out  and  transferred  to  a  50  cubic  centimeter  graduated  flask  fitted 
with  a  ground-glass  stopper.  The  flask  is  then  filled  to  the  50  c.  c.  mark  with  neutral 
alcohol  of  a  strength  of  85  per  cent  by  volume.  After  the  addition  of  the  alcohol  the 
fiaaks  are  allowed  to  stand  for  twenty-four  hours  at  room  temperature  with  an  occasional 
shaking.  At  the  end  of  that  period  a  dry  filter  paper  is  placed  in  the  glass  funnel  and 
tlie  atem  of  the  funnel  brought  over  the  25  cubic  centimeter  cylinder.  Then  the 
clear  liquid  in  the  50  c.  c.  graduated  glass  flask  is  poured  into  the  dry  filter  and  collected 
in  the  graduated  cylinder.  When  this  is  filled  to  the  25  c.  c.  mark,  the  contents  are 
transferred  to  a  small  flask  or  beaker. 

The  alcohol  adherent  to  the  inside  of  the  cylinder  is  rinsed  into  the  beaker  with  a 
little  distilled  water.  From  100  to  150  c.  c.  of  distilled  water  and  a  few  drops  of  the 
phenolphthalein  solution  are  then  added  to  the  liquid.  The  burette,  which  must  be 
clean  and  dry,  is  filled  to  the  aero  mark  with  the  twentieth  normal  alkali  solution  and 
the  alkali  allowed  to  run  drop  by  drop  into  the  beaker,  the  contents  of  which  are  con- 
tinually stirred,  until  the  first  permanent  pale-pink  coloration  of  the  whole  liquid 
appears.  The  number  of  cubic  centimeters  run  into  the  beaker  is  then  read  off  on  the 
burette.  The  number  of  cubic  centimeters  twentieth  normal  alkali  solution  used, 
multiplied  by  10,  gives  the  acidity  of  1,000  grams  (1  kilogram)  of  com  in  terms  of  cubic 
centimeters,  normal  alkali.  The  results  given  below  under  the  head  of  acidity  are 
calculated  on  this  basis.  It  is  to  be  noted  that  on  the  addition  of  the  100  to  150  c.  c.  of 
diatilled  water  to  the  25  c.  c.  of  alcoholic  extract,  some  zein  (the  alcohol-soluble  protein 
found  in  com)  is  precipitated,  giving  a  cloudy  appearance  to  thd  solution;  but  this 
cloudy  appearance  wholly  or  partly  disappears  on  the  addition  of  alkali  from  the 
burette,  so  that  the  pink  coloration  which  marks  the  end  point  of  the  operation  is 
quite  obvious. 

Having  determined  the  acidity  of  the  com  sample  in  terms  of  cubic 
centimeters  of  normal  alkali,  the  question  that  next  arises  is  whether 
the  acidity  found  is  that  of  good  corn  or  is  greater  than  it  should  be. 
As  will  be  seen  by  reference  to  Part  II  of  this  paper,  it  has  been  found 
that  the  acidity  number  of  sound  com  ranges  from  13  to  25;  i.  e.,  it 
required  from  13  to  25  cubic  centimeters  of  normal  alkali  to  neutralize 
the  extract  from  1,000  grams  (1  kilogram)  of  sound  corn.  It  is  neces- 
sary, however,  to  allow  for  a  certain  amount  of  variation  in  the  corn, 
80  that  30  cubic  centimeters  may  be  fixed  upon  as  a  safe  limit.  This 
is  the  limit  adopted  by  Schindler,"  the  Austrian  authority.  The 
writers  decided  to  calculate  the  acidity  on  a  basis  of  1  kilogram  (2.2 
pounds)  to  bring  the  figures  into  conformity  with  Fuller's  scale,  now 
very  generally  employed  by  bacteriologists. 

Carried  out  according  to  this  method,  the  determination  of  the 
acidity  of  com  is  easily  made.  Any  physician  ought  to  be  able  to 
carry  it  out  accurately,  for  it  is  far  easier  than  to  determine  the 
acidity  of  gastric  juice,  a  determination  with  which  every  physician 
18  familiar.  Graduates  in  pharmacy  will  find  no  trouble  in  perform- 
ing it  and  it  is  suggested  that  manufacturers  of  human  food  from 
nudze  and  other  persons  who  do  not  wish  to  bother  with  these  deter- 
minations might  have  them  done  by  the  local  pharmacist. 

*0p.  cit.,  p.  32.    The  writers  are  indebted  to  the  article  by  Schindler  for  many 
Taluable  data  incorporated  in  this  paper. 
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Inasmuch  as  pellagra  is  peculiarly  likely  to  appear  in  insane 
asylums,  hospitals,  and  penal  institutions,  and  inasmuch  as  such 
institutions  are  often  compelled  by  law  to  purchase  their  supplies 
from  the  lowest  bidder,  it  may  be  well  before  proceeding  further  to 
formulate  rules  which  will  enable  their  superintendents  to  specify  a 
high  grade  of  corn.  It  is  advised  that  those  purchasing  com  meal 
for  food  purposes  should  insist  that  it  meet  the  following  three 
requirements: 

(1)  It  sliall  not  contain  more  than  12  per  cent  of  moisture. 

(2)  It  shall  be  made  from  degerminated  com. 

(3)  It  shall  not  have  a  greater  acidity  than  80,  determined  by  the  method  already 
detailed. 

The  first  requirement  is  advised  because  even  the  best  com  will 
spoil  if  it  contains  much  moisture  unless  it  is  stored  in  a  very  cdA 
and  dry  place;  the  second  is  advised  because  the  germ,  or  embryo, 
with  its  high  protein  and  fat  content,  is  the  chief  point  of  attack  by 
micro-organisms;  the  third  is  advised  because  the  aciditj'^^  is  the 
simplest  index  of  deterioration  through  the  action  of  micro-organ- 
isms. All  three  will  be  discussed  in  detail  in  the  second  part  of  this 
paper. 

PART  n.— METHODS  OF  EXAMININa  CORN. 

« 

CONDfriONS  TO  BE   CX>NSID£B£D. 

In  the  examination  of  corn  for  deterioration  two  conditions  must 
be  considered:  (1)  The  detection  in  otherwise  sound  corn  of  factors 
which  render  it  liable  to  spoil  at  some  future  time,  and  (2)  the  detec- 
tion of  actual  deterioration.  ^ 

The  detection  of  the  former  condition  is  very  simple  and  consists 
of  a  determination  of  the  moisture  content,  since  excessive  moisture 
content  is  believed  to  be  the  chief  factor  in  causing  com  to  spoil." 
Schindler''  believes  that  whole  corn  to  be  safe  should  not  contain 
when  stored  more  than  from  13  to  16  per  cent  of  moisture.  It  is 
probable  that  in  this  country  15  per  cent  is  too  high  a  limit. 

Thoroughly  air-dried  corn  contains  about  12  per  cent.*  Com  with 
a  much  greater  moisture  content  has  either  been  harvested  too  soon, 
as  is  often  necessary  in  cold,  wet  seasons,  or  it  w^as  shelled  without 
adequate  curing  on  the  cob.     Storage  under  conditions  which  do  not 

oScofield,  C.  S.,  op.  cit.,  p.  20. 

Duvel,  J.  W.  T.  The  Deterioration  of  Com  in  Storage.  Circular  43,  Bureau  of 
Plant  Industry,  U.  S.  Dept.  of  Agriculture,  1909. 

Shanahan,  J.  D.,  Leighty,  C.  E.,  and  Boerner,  E.  G.  American  Export  Com 
(Maize)  in  Europe.  Circular  55,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agricul- 
ture, 1910. 

6 Op.  cit.,  p.  7. 

c Shanahan,  Leighty,  and  Boerner,  op.  cit.,*  p.  22. 
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protect  it  from  the  weather  may,  of  course,  mcrease  the  moisture  con- 
tent. Such  com  is  particularly  Uable,  given  a  favorable  opportunity, 
to  heat  and  ferment. 

For  both  whole  corn  and  meal  the  drying  test  is  the  only  reUable 
method  of  determining  moisture  and  should  always  be  appUed  in 
doubtful  cases.     However,  for  meal  a  diflFerent  limit  is  required  than 
for  whole  com,  since,  given  an  equal  moisture  content,  meal  spoils 
more  readily  than  whole  com.     Schindler  beheves  that  13^  per  cent 
is  the  limit  for  meal;  and  that  under  ordinary  conditions  corn  with 
ft  moisture  content  of  15  per  cent  will  yield  meal  with  a  moisture 
content  of  13^  per  cent.**    For  this  country  both  limits  are  probably 
too  high.    The  actual  method  of  carrying  out  these  moisture  deter- 
minations is  so  well  known  that  it  need  not  be  described  here.     For 
the  details  the  reader  is  referred  to  the  paper  of  Brown  and  Duvel.* 
It  must,  however,  be  pointed  out  that  moist  corn  which  is  other- 
^wise  sound  ought  not  to  be  condemned.     Curing  prior  to  storage 
should  be  insisted  upon.     Com  will  then  be  in  very  excellent  con- 
dition, fit  for  any  use.     It  is  perhaps  worth  while  to  point  out  in  this 
connection  that  if  growers  and  handlers  of  corn  could  be  induced  to 
dry  com  adequately,  this  would  result  in  a  great  addition  to  the 
wealth  of  the  country,  irrespective  of  any  possible  danger  to  the 
public  health  from  the  consumption  of  spoiled  com.     This  saving 
would  be  in  at  least  three  directions:  (1)  Much  less  good  com  would 
deteriorate  in  transit  and  storage;  (2)  millions  of  gallons  of  water 
in  the  form  of  undesirable  moisture  in  com  are  transported  annually 
from  the  corn  belt;  the  cost  of  transportation  of  this  water  might  be 
saved;  (3)  the  germ  in  the  corn  kernel  is  a  living  thing.    As  long  as 
it  is  not  very  dry  it  respires  and  gives  oflF  carbonic  acid  and  water. 
Like  all  Uving  things  it  uses  up  food  in  the  process  of  respiration. 
The  food  it  consumes  is  the  material  stored  in  the  endosperm.     It  is 
clear  that  the  more  food  the  embryo  respires  away  the  less  will  be 
left  for  man.     Now,  it  has  been  proved  that  the  driei;  com  is  the  less 
it  respires,  until,  as  it  approaches  absolute  dryness,  respiration  be- 
comes minimal.^    It  is  evident,  then,  that  moist  com  must  lose  in 
food  value  in  the  course  of  time  more  than  dry  corn.     It  is  impos- 
sible at  present  to  say  exactly  what  this  loss  amounts  to,  because 
data  on  the  variation  of  respiration  with  moisture  content  do  not 
exist.    It  is  probably  not  great  enough  to  aflFect  seriously  any  single 
owner  of  com,  but  it  is  quite  probable  that  if  it  were  possible  to  cal- 

aOp.  cit.,  p.  24. 

*  Brown,  Edgar,  and  Duvel,  J.  W.  T.  A  Quick  Method  for  the  Determination  of 
Moisture  in  Grain.  Bulletin  41,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agricul- 
ture, 1907. 

« White,  Jean.    The  Ferments  and  Latent  Life  of  Resting  Seeds.    Proceedings  of 
the  Royal  Society,  vol.  B  81,  p.  417. 
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culate  it  for  the  countiy  as  a  whole  it  would  amount  to  a  very  laige 
sum  indeed.  ^ 

The  method  of  detecting  actual  deterioration  of  whole  com  diffeis 
from  that  for  com  meal.  The  methods  for  each  will  therefore  be 
considered  separately. 

EXAMINATION   OF   WHOLE  CORN   BT   INSPECTION. 

Good  com  must  be  sufficiently  dry,  as  has  been  discussed  aboTe. 
It  must  be  mature.  It  should  not  contain  many  cracked,  rift^, 
or  broken  kernels.  The  hull  protects  the  kernel  from  the  attacks  of 
bacteria  and  fimgi.  If  the  hull  is  burst  or  the  kernel  broken,  ^e 
grain  is  likely  to  become  moldy.  The  rifts  may  be  due  to  imperfect 
artificial  drying  or  to  the  careless  shelling  of  inadequately  cured  com. 
However,  care  must  be  taken  not  to  confuse  rifts  of  this  type  with 
the  small  ones,  which  kre  entirely  internal,  due  to  shrinking  of  the 
homy  layer.  The  latter  do  not  penetrate  the  hull,  and  therefore  are 
unobjectionable,  because  they  do  not  give  access  to  micro-organisms. 
They  arc  due  to  artificial  drying  at  too  high  a  temperature  or  more 
frequently  to  drying  very  moist  com  too  rapidly.  When  grain  fe 
observed  to  be  covered  with  white  powder,  it  has  probably  been 
damaged  by  insects,  the  granary  weevil  {Calandra  granaria  L.),  the 
rice  weevil  {Calandra  oryza  L.),  the  wolf  moth  (Tinea  graneHa  L.), 
the  Angoumois  grain  moth  (Sitotroga  cerealeUa  01.),  or  other  insects. '^ 
Injury  by  insects  is  of  importance  for  the  same  reason  that  a  burst 
hull  is.  By  piercing  the  hulls  insects  open  the  way  for  fungi«  Good 
com  should  not  contain  many  moldy  or  bad  kernels.  Schindler  * 
believes  that  a  content  of  more  than  5  per  cent  of  them  should  not 
be  allowed.  This  limit  is  probably  a  good  one  when  the  grain  is 
examined  in  the  laboratory  in  the  careful  way  advised  in  this  paper. 
When,  however,  the  grain  is  examined  in  the  usual  way  by  the 
grain  inspector,  only  the  more  seriously  damaged  kernels  would  be 
apt  to  be  noticed,  so  that  under  these  circumstances  this  limit  is 
probably  too  high.  Under  these  conditions  2  to  2.5  per  cent  of 
moldy  or  cob-rotten  kernels  is  a  safer  limit.  * 

The  mold  or  bacterial  growth  may  be  either  superficial,  the  frac- 
ture surfaces  of  broken  kernels  being  attacked  with  particular  fre- 
quency, or  it  may  be  in  the  interior  when  this  has  become  accessible 
as  the  result  of  cracks,  rifts,  or  injury  by  insects.  It  is  then  almost 
always  the  embryo  which  is  the  site  of  the  growth  of  micro-organisms, 
presumably  because  it  presents  the  most  favorable  soil.     Sometimes 

a  For  details  the  reader  is  referred  to  ^'Some  Insects  Injurious  to  Stored  Grain,'*  by 
F.  H.  Chittenden,  Farmers'  Bulletin  46,  U.  S.  Dept.  of  Agriculture,  1897. 
6  Op.  cit.,  p.  15. 

c  See  Shanahan,  Leighty,  and  Boemer,  op.  cit.,  p.  42. 
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this  growth  is  evident  only  as  a  faint,  bluish-gray  spot,  barely  per- 
ceptible through  the  hull  covering  the  groove  in  which  the  embryo 
lies.     It  is  easily  overlooked  by  the  inexperienced,  and  it  is  there- 
fore ^wise  to  trim  off  with  a  small  sharp-pointed  knife  the  hull  cov- 
ering the  groove  of  suspicious-looking  kernels,  when  the  sound  or 
decayed  condition  of  the  embryo  may  be  recognized  by  anyone.     If 
the   decay  is  more  advanced,  the  embryo  may  appear  distinctly 
bluish-^reen,  and  when  the  hull  is  removed  it  will  be  seen  that  the 
embryo  has  been  more  or  less  completely  replaced  by  a  bluish-green 
powder,  the  spores  of  the  fungi.     Such  grain  is  often  known  as  blue 
or  black  eyed  com.    In  extreme  cases  the  entire  surface  of  the  ker- 
nels may  be  covered  with  this  bluish-gray  or  greenish  mold  powder. 
This  discoloration  seems  to  be  caused  by  members  of  the  genus  of 
molds  known  as  Penicillium.     Other  molds  will  produce  other  shades 
of  color.     One  sample  of  com  examined  in  the  course  of  the  present 
investigation  was  covered  with  a  bronze-colored  powder.     Dr.  Erwin 
F.  Smith,  of  the  Bureau  of  Plant  Industry,  who  examined  it,  iden- 
tified it  as  spores  of  Aspergillus  fumigatus.    Doctor  Duvel  in  a  personal 
communication  states  that  he  has  not  infrequently  encountered  com 
spoiled  in  this  way.     It  is  stated  that  sometimes  the  embryo  is  col- 
ored reddish  by  Micrococcus  prodigiosus.    In  deciding  whether  any 
given  kernel  is  moldy  or  not,  one  must  be  careful  not  to  be  misled 
by  the  color  of  the  tip  cap,  which  is  often  naturally  of  a  darker  color 
than  the  rest  of  the  kernel. 

Com  which  has  heated  in  bulk  may  show  the  result*  of  bacteriiJ 
action  rather  than  that  of  molds.  It  is  often  more  or  less  irregu- 
larly discolored,  showing  lighter  and  darker  blotches  and  streaks, 
more  especially  in  the  region  of  the  embryo  and  toward  the  tip. 
These  spots  are  colonies  of  micro-organisms  which  are  not  merely 
confined  to  the  surface,  but  also  invade  the  interior  of  the  kernel. 
In  extreme  cases  the  heat  developed  may  be  so  great  that  the  com 
becomes  brown  or  black  and  charred. 

Good  com,  finally,  should  have  the  fragrance  characteristic  of 
good  meal.  Spoiled  com  has  sometimes  a  musty  or  a  sour  odor, 
which  may  be  intensified  by  warming  it  slightly  in  some  way,  such 
as  holding  it  for  a  few  moments  in  the  closed  hand  or  by  blo¥ang 
the  breath  upon  it.  Good  com  should  have  the  characteristic, 
slightly  sweet  taste  of  good  meal.  Spoiled  com  may  lack  this 
characteristic  taste  and  is  often  bitter. 

These  are  the  external  criteria  by  which  com  may  be  judged  in 
regard  to  its  fitness  for  human  food.  Their  practical  application  in 
examining  com  will  now  be  considered.  The  first  point  is  to  obtain 
a  fair  sample.  As  already  indicated,  samples  should  be  taken  from 
various  parts  of  the  mass  of  com;  from  the  top,  the  bottom,  and 
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different  levels  between,  and  from  the  sides.  The  number  of  cano- 
pies to  be  taken  will  depend  upon  the  quantity  of  com.  Whetha 
the  odor  be  musty,  or  sour,  or  like  the  interior  of  a  silo  is  noted  as 
each  sample  is  taken.  The  general  appearance  of  each  sample  must 
be  observed,  for  in  dealing  with  large  masses  of  grain  different  con- 
ditions may  be  met  with  in  different  regions  of  the  mass.  If  this 
proves  to  be  the  case,  the  different  samples  are  best  examined  sepa- 
rately. Ordinarily,  however,  the  various  samples  are  thorough 
mixed  and  the  sample  for  examination  taken  from  the  mixture  at 
several  different  points.  The  moisture  content  is  determined 
accurately. 

The  pile  is  then  spread  out  in  a  thin  layer  and  the  com  examined 
to  see  whether  it  is  of  characteristic  bright,  shiny  appearance  or 
whether  the  kernels  are  dull,  blotched,  discolored,  with  colored 
embryo  indicative  of  heating  and  fermentation,  or  whether  they  are 
pale  and  shriveled,  sometimes  indicative  of  immaturity.  The  pres- 
ence of  many  rifted,  broken,  or  cracked  kernels,  or  of  much  foreign 
matter,  such  as  weed  seeds  or  such  debris  as  pieces  of  cob,  is  noted 
While  the  latter  are  not  in  themselves  necessarily  harmful,  they  are 
hotbeds  of  molds  which  are  liable  under  favorable  conditions  to  infect 
the  sound  kernels.^  A  large  number  of  kernels  are  next  examined, 
one  by  one,  for  insect  ^injury,  and  with  a  sharp-pointed  knife  the 
■hull  is  removed  from  the  embrvo  to  show  whether  its  condition  is 
good.    By  this  superficial  examination  an  idea  is  obtained  of  the 

{.  number:  of  spoiled   kernels  present,   which  if  excessive   must  be 

.t,'35|letermined.   i  .. 

r/ii  To;  do.  ihis^  small  mxmberB  lof  kernels  from  different  parts  of  the 

.  ^amfjlelasii  lieis  spread  out  thin  on  the  white  paper  are  taken  until 
there  are  at  ieast  500  kernels.  These  are  spread  out  on  white  paper 
jand:  each  ^kernel  examined  individually,  the  good  being  put  in  one 
pile  and  the  bad  in  another.  When  all  have  been  examined  each 
pile  is  weighed  and  the  percentage  of  spoiled  kernels  computed. 
This  should  not  exceed  5  per  cent.* 

BIOLOOipAL  EXAMINATION. 

The  biological  examination  of  com  was  first  proposed  by  Sclavo.* 
.it  is  based  on  the  fact  that  the  chief  point  of  attack  for  micro- 
organisms is  the  embryo,  or  germ.     If  the  action  of  the  xmcTO- 
organisms  is  enough  to  kill  the  germ,  the  kernel  loses  its  power  to 
germinate.     The  best  seed  com  germinates  as  high  as  97  per  cent 

•    o  See  Shanahan,  I^ighty,  and  Boerner,  op.  cit;,  p.^2a. 
&  See  p.  14^ 
c  Sclavo,  Vincenzo.    Gaz^etta  Medica  di  Torinp,  vol.  52,  October  24,  1901,  p.  858. 

199 


METHODS   OF   EXAMINING   (^ORN.  17 

Old  over.**  The  method  of  determining  gennination  is  very  simple. 
^or  details  the  reader  is  referred  to  the  paper  of  Hartley."  It  is  only 
lecessary  to  add  that  at  least  100  kernels  should  be  tested.  No 
,ests  were  made  upon  commercial  grades  of  com  in  the  work  here 
■eported,  and  therefore  a  standard  can  not  be  fixed.  The  Italian 
Zlovernment^  has  fixed  as  a  limit  a  germinating  power  of  80  per 
3ent,  while  Ori  ^  protests  that  this  limit  is  too  low.  lie  advocates  a 
iLpait  of  90  per  cent.  This  test,  simple  and  excellent  though  it  be,  is 
not  universally  applicable.  If  perfectly  sound  but  moist  grain  be 
dried  at  too  high  a  temperature,  the  germinating  power  may  be 
destroye'd  though  the  grain  be  of  excellent  quality.  This  is  not 
likely  to  happen  in  the  United  States,  for  the  driers  do  not  ordinarily 
work  at  a  sufficiently  high  temperature.  Indeed,  it  is  stated  in 
a  personal  communication  by  Doctor  Duvel,  of  the  Office  of  Grain 
Standardization  of  the  Bureau  of  Plant  Industry,  that  he  has  known 
moist  corn  to  gain  in  germinating  power  by  being  passed  through  a 
drier.^  Furthermore,  if  corn  of  very  high  germinating  power  were 
mixed  with  spoiled  com  of  very  low  germinating  power,  this  admix- 
ture might  escape  detection  though  it  exceeded  5  per  cent,  because 
the  germinating  power  might  still  exceed  90  per  cent. 

It  may  be  well,  apropos  of  the  dependence  of  the  biological  test 
upon  the  sound  condition  of  the  embryo,  or  germ,  to  point  out  the 
importance  of  the  germ  in  determining  the  quality  of  the  manufac- 
tured meal.  As  already  indicated,  the  germ  is  the  chief  site  of 
attack  by  micro-organisms.  By  removing  the  germ  from  com  that 
has  not  been  too  badly  spoiled  the  greater  part  of  the  micro-organisms 
and  their  products  will  be  removed.  If  the  statements  of  European 
investigators  concerning  the  toxicity  of  spoiled  com  are  to  be  believed, 
it  follows  that  degerminated  spoiled  corn  is  loss  toxic  than  it  was 
before  the  removal  of  the  germ.  Indeed,  it  has  been  shown  that  in 
the  process  of  milling  the  more  unwholesome  material  goes  into  the 
poorer  grades  of  meal,  which  contain  the  starchy  part  of  the 
endosperm  lying  next  to  the  germ,  and  also  into  the  germ,*^  which 
in  this  country  is  used  for  the  manufacture  of  corn  oil  and  stock 
feed.  Moreover,  the  high  oil  content  of  the  germ  renders  meal  from 
whole  com  less  desirable  than  tliat  from  degerminated  corn,  since 

aSec  Hartley,  C.  P.,  ''The  Production  of  Good  Seed  Corn,"  Farmers'  Bulletin 
229,  V.  S.  Dept.  of  Agriculture,  190o,  j).  19. 

'>Ri\i8ta  Pellagrologica  Italiana,  vol.  5,  p.  122. 

<"()ri,  A.  La  Diagnoj^i  delle  Alterazioni  del  Maiz  in  Chicchi  ed  in  Farina.  Hivista 
Critica  de  Clinica  Medica,  1906,  p.  165. 

*'S«e  Webber,  II.  J.,  in  appendix  (p.  22)  to  paper  of  C.  P.  Hartley  previously 
cited. 

«Balp,  S.     Venticinque  Anni  di  Lotto  contra  la  Pellapm  (1881-1906),  Hiella.  1908. 
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Table  III  is  a  presentation  of  the  acidity  of  a  number  of  samples 
of  seed  com  of  various  strains  from  various  parts  of  the  countiy. 
Mr.  C.  ^P.  Hartley,  Physiologist  in  Charge  of  Com  InvestigataaDs^ 
Bureau  of  Plant  Industry,  furnished  most  of  the  samples.  The  de- 
terminations were  made  in  February,  1910,  except  No.  10,  which 
was  made  in  December,  1909.  The  samples  contain  specimens  of  the 
crop  of  1909  and  1908.  It  is  seen  that  tlie  acidity  ranges  from  13  to 
24  c.  c.  and  that  the  1908  com  is  no  more  acid  than  that  of  1909. 
No.  51  is  from  the  same  ears  as  No.  50;  it  differs  from  the  latter  m 
consisting  only  of  the  smaller  kernels  from  the  tips  of  the  ears.  No. 
28  is  com  specially  bred  for  low-protein  content,  while  No.  29  was 
specially  bred  for  high-protein  content.  No.  40  is  com  prematurely 
ripe,  such  as  is  often  produced  in  years  with  exceptionally  warm  and 
dry  autumns. 

Table  III. — Acidity  and  moisture  of  selected  samples  of  high-grade  com  from  rarioui 

sections  of  the  United  States. 


No.  of 
sample. 


1 
2 
3 
4 

5 
6 
i 

8 
9 
10 
28 
29 
40 
^ 
51 


Name  of  variety. 


Sturrfs  Hybrid,  1908 

White  North  DakoU  Flint,  1908. 

Barnwell  Whit^,  1908 

Marlboro  Prolific,  1908 

Boone  County  White,  1908 

Huffman,  1908 

Strawberry,  1909 

Marlboro  Prolific,  1909 

Boone  County  White,  1909 

Whole  oom,  selected  ears,  1909 . . 

Low-protcIn  com 

High-protein  com 

I*r6maturely  ripe  white  corn 

Whole  seed  oom 

Corn  tips 


Ash.     I  Acidity. 


Percent. 
I.d9 
1.22 
1.26 
1.25 
1.29 
1.42 
1.55 
1.38 
1.23 
1.18 


c.  c. 
18.0 
18.0 
17.6 
13.0 
16.0 
13.0 
18.0 
15.0 
13.0 
23.0 
16.5 
19.5 
24.0 
16.2 
16.5 


Moisture. 


Percent. 
7.60 
8.11 
7.93 
7.71 
7.47 
8.26 
7.56 

10.09 
7.81 

10.00 


1- 


Locality. 


Conoecticut. 
North  Dakota. 
South  Canriina. 

Do. 
Tennessee. 

Do. 
Texas. 

South  Carolina. 
Tennessee. 
Maryland. 
Illinois. 

Do. 
District  of  Columbia. 
Virginia. 

Do. 


Small  samples  of  meal  were  purchased  in  the  open  market  in  Wash- 
ington, D.  C,  Summerville,  S.  C,  Boston,  New  York,  and  Chicago, 
In  all  tlie  cities  but  Washington  the  samples  were  purchased  from 
little  stores  in  the  paits  of  town  where  poor  people  trade.  In  Wasli- 
ington  tlie  samples  were  purcliased  in  different  parts  of  the  city,  in 
the  fashionable  residential  section  as  well  as  the  poor  quartei^. 
The  results  are  presented  in  Table  IV.  This  table  also  includes 
meal  No.  11,  grroiind  in  the  laboratory  from  com  which  had  been 
allowed  to  spoil  in  the  bin  of  a  grain  elevator  at  Baltimore  during  the 
course  of  an  experiment  conducted  by  Doctor  Duvel,**  who  ven' 
kindly  fui'nished  not  only  this  sample  but  also  many  others.  Doctor 
Duvel  and  Mr.  Shanahan,  the  Crop  Technologist  in  Chaise  of  Grain 
Standardization,  Bureau   of  Plant  Industry,  gave  much  help  and 

«  See  Duvel,  J.  W.  T.,  "The  Deterioration  of  Corn  in  Storage,"  Circular 43,  Bureau 
of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  1909. 
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ivice.  Nos.  12  and  14  were  from  two  institutions  in  which  cases  of 
ellagra  had  occurred.  It  will  be  seen  that  a  considerable  number 
f  samples  have  too  high  an  acidity. 

ABLE  IV. — AcidUy  of  samples  o/eommereial  com  meal  purduised  in  several  diies  in  the 

United  States. 


io.ot 

BiplflL 

Variety. 

Water. 

Aah. 

Acidity. 

Locality. 

11 

Whole  ooni.  sDoUed 

Peremt. 

9.5 

10.0 

10.7 

10.0 

las 

10.4 
10. 0± 
10. 0± 
10. 0± 
10. 0± 
10. 0± 
10.  Oi: 
lOLOd: 

PerunL 
1.50 
1.04 
2.00 
L47 

.88 
1.03 

.22 
1.08 
1.06 
1.30 
1.05 
1.26 

.96 

78 
00 
83 
28 
39 
17 
29 
29 
41 

BalUmora.  • 
Bltnola. 
ArkaneaB. 
WaahingtoD,  D.  C. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
SmnxnervlUe,  8.  C. 

Do. 

Do. 

Do. 
Boston. 

Do. 

Do. 
Chicago. 

Do. 

Do. 
New  York. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

12 

White  meal 

14 

do 

. 

16 

do 

10 

Yftllow  mml r 

17 

White  meal 

18 

Yellow  meal 

19 

White  meal 

20 
21 
22 

do 

do..... 

do 

a 

do 

37 
24 
23 
28 
10 
30 
37 
37 
35 
19 
20 
23 
19 
23 
40 
21 
18 
16 
13 
29 
17 

24 

do 

90 

do 

31 

do 

32 

do 

33 

do 

34 

Y«Ik>w  mml 

35 

do 

36 

do 

37 

do 

38 

do 

39 

do 

41 

do 

42 

do 

43 

do 

44 

do 

45 

do 

46 

do 

47 

do 

48 

do 

49 

do 1 

1 

The  mother  substances  of  the  acid  formed  have  not  yet  been  finally 
ttetennined,  ifotivne  of  Ite  analytical  results  give  indications  as  to 
their  nature. 


I   • 


Tablb  v. — Analyses  of  different  portions  of  a  octrload  of  damaged  cam. 


Sample. 


No.  asl  2  tooiies  frain  top 
no.  27, 6  inches  from  top 

Normal  corn 


Water. 


Percewt. 

11.58 

833 

800 


10.75 


Ash  in 

dry  ma- 

teriaL 


PereetU. 
1.51 
1.41 
1.24 


Acidity. 


e.e, 
96.0 
73.0 
04.0 


a  1.50    5(15^) 


Fat  in 

dry  map 

tcrtel. 


Pereeni. 

4.25 

3.04 

'3.87 


a  4.2 


NltrafBD 
in" 


Ptreent. 
2.53 
1.86 
1.20 


ol.OO 


Wiley. 


*8chiBdIer. 


Table  Y  gives  analyses  of  three  samples  of  com  taken  from  the 
*ttD6  car  while  undergoing  heating.     No.  25  was  taken  at  the  surface, 
No.  26  w«s  taken  2  inches  below,  and  No.  27  was  taken  6  inches  below 
surface.    Appfsoded  to  Table  Y  is  an  analysis  of  average  con 

190 


22  DETEBMIKATION  OF  THE  DETEBIORATION  OF  MAIZE. 

published  by  Wilej.^  No.  25  had  sprouted  but  had  been  kiUed 
before  growth  had  advanced  beyond  a  b^inning.  It  was  coverei 
with  blue-green  mold  and  had  a  very  musty  odor.  To  the  eye, 
nose,  and  tongue  it  was  one  of  the  worst  specimens  handled.  No.  26 
was  less  moldy  but  still  had  a  musty  odor  blended  with  a  sour  smelL 
No.  27  was  characteristic  of  heated  com  and  had  a  very  sour  smeU. 

These  differences  may  be  due  to  the  fact  that  on  the  surface  com 
the  aerobic  fungi  flourished,  while  down  in  the  interior  the  anaerobie 
ones  developed.  It  must,  however,  be  remembered  that  scientists 
are  at  variance  as  to  the  mechanism  which  causes  the  heating  of 
vegetable  material  when  it  is  bulked.  There  are  three  views.  Some 
believe  that  the  heating  is  due  in  the  main  to  bacterial  action.^ 
Others  believe  that  it  is  due  to  the  action  of  oxidizing  enzymes.' 
Finally,  Boekhout  and  Ott  de  Vries  ^  have  shown  that  oxidation  can 
take  place  by  simple  catalysis  under  conditions  which  exclude  the 
intervention  of  micro-organisms  as  well  as  enzymes.  No  similar 
studies  have  been  made  upon  com  or,  indeed,  upon  any  other  seed 
so  that  as  yet  it  can  only  be  surmised  what  takes  place  in  theee 
case^.  It  will  be  seen  that  No.  25  with  the  highest  acidity  has  also 
the  highest  fat  and  nitrogen  content.  This  is  not  due  to  an  absolute 
increase  in  these  substances  but  to  a  relative  one  caused  by  the  dis- 
appearance of  some  other  substance  which  can  not  be  anything 
other  than  carbohydrate.  Here  is  evidence,  then,  that  carbohydrate, 
in  this  single  case  at  any  rate,  furnished  the  material  from  which  acid 
was  formed.  This  is  in  accord  with  what  is  known  in  general  about 
fermentation  and  with  the  observations  of  Italian  authors.' 

It  is,  of  course,  probable  that  the  fat  is  more  or  less  saponified; 
thereby  becoming  rancid,  and  that  the  fatty  acids  formed  contribute 
to  the  acidity.  This  point  is  being  investigated  by  the  writers.  It 
is  particularly  important  in  the  light  of  recent  researches  upon  the 
toxicity  of  unsaturated  fatty  acids.^ 

The  figures  of  Table  V  are  perhaps  not  typical  of  all  cases  of  spoil- 
ing.    It  is  even  probable  that  under  different  conditions  quite  a 

a  Wiley,  H.  W.  Compoeition  of  Maize.  Bulletin  50,  Bureau  of  Chemistry,  U.  S. 
Dept.  of  Agriculture. 

^Miehe,  H.    Die  Selbsterhitzung  dee  Heus.    Jena,  1907. 

cLoew,  O.  Curing  and  Fermentation  of  Cigar-Leaf  Tobacco.  Report  59,  U.  S. 
Dept.  of  Agriculture,  1899. 

<l Boekhout,  F.  W.  J.,  and  Ott  de  Vries,  J.  J.  tiber  Tabaksfermentation.  Centnl- 
blatt  fUr  Bakteriologie,  Parasitenkunde  und  Infektionskrankheiten,  vol.  24,  pt.  2, 
p.  496. 

^Gosio,  B.  Ricerche  Batteriologiche  e  Chimiche  sulle  Alterasioni  del  Mais. 
Contributo  air  Etiologia  della  Pellagra.  (Memoria  2  a)  Rivista  d'Igiene  e  Saniti 
Pubblica,  vol.  7,  1896,  p.  825. 

/Faust,  E.  S.    liber  chronische  Ols&urevergiftung.    Archiv  fttr  ExpeiimenteUe 
Pathologie  und  Pharmakologie.    Supplement,  1908,  p.  171. 
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fferent  state  of  affairs  may  be  found.  These  figures  are  to  be 
igarded  only  as  a  single  instance  until  more  samples  of  a  similar 
ature  are  analyzed. 

The  writers  have  begun  investigating  the  nature  of  the  substances 
hicli  render  the  extracts  acid.  This  seemed  important  because 
)ixi  might  be  one  of  them.  2^in  is  one  of  the  chief  proteins  of  the 
[idasperm.  It  probably  does  not  occur  at  all  in  the  embryo  before 
ermination.^  It  is  soluble  in  moderately  strong  alcohol,  insoluble 
1  dilute  and  absolute  alcohol,  and  behaves  somewhat  like  an  acid  in 
ombining  with  a  certain  amount  of  alkali.  Its  solubility  in  alcohol 
isures  its  being  present  in  the  extracts.  As  it  is  more  soluble  in 
LOt  than  in  cold  alcohol  it  seems  possible  that  differences  in  the 
emperature  of  the  room  during  extraction  might  cause  more  or 
Bss  of  it  to  pass  into  solution  and  thus  affect  the  results.  It  was 
herefore  important  to  determine  whether  the  increased  acidity  of 
polled  com  was  dependent  to  any  considerable  degree  upon  the  zein. 
Po  settle  this  point  both  the  acidity  and  the  nitrogen  content  of  the 
extract  of  both  spoiled  and  sound  com  was  determined.  The  nitro- 
^n  content  would  give  an  index  of  the  amount  of  zein  that  had  gone 
[nto  solution.  The  figures  obtained  are  given  in  Table  VI.  Under 
bhe  heading  ''Kjeldahl  nitrogen''  is  given  the  amount  of  nitrogen, 
as  determined  by  the  Kjeldahl  method  in  the  amount  of  alcoholic 
Bxtract  used  for  the  titration  (25  c.c).  The  same  extract  used  in 
the  titrations  was  used  for  the  nitrogen  determinations.  Hence  the 
acidity  and  the  nitrogen  figures  are  quite  comparable. 

Table  VI. — Relation  between  the  total  nitrogen  and  the  alcoholic  extract  of  com  meal. 


No.  of 
sample. 

Kjeldahl 
nitrogen. 

Acidity. 

Orams. 

c.  c. 

14 

0.0139 

60.0 

10 

.0297 

23.0 

25 

.0099 

95.0 

26 

.0140 

73.0 

27 

.0105 

64.0 

28 

.0081 

16.5 

39 

.040 

19.5 

It  ynil  be  seen  that  the  very  acid  extract  from  the  spoiled  com  con- 
tains less  nitrogen  and  therefore  less  zein  than  the  extract  from  good 
com  except  sample  No.  28.  Now  No.  28  is  a  low-protein  com.  Its 
acidity  is  low  and  the  small  amount  of  nitrogen  in  the  extract  seems 
to  depend  not  on  the  acidity  but  upon  the  low-protein  content  of  the 
grain.     This  assumption  gains  in  probability  by  the  figures  obtained 

aSoave,  M.    L'Azoto  della  Zeina  in  Relazione  all'  Azoto  Totale  e  air  Azoto  delle 
Altre  Sofltanze  Proteiche  nel  Mais.    Le  Stazioni  Sperimentali  Agrarie  Italiane, 
vol.  40,  p.  193. 
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with  No.  29,  which  is  a  high-protein  com.  This  gives  the  higberi 
nitrogen  figure  and  yet  differs  in  acidity  by  only  3  c.  c.  from  No.  28, 
which  gives  the  lowest  nitrogen  figure.  This  difference  in  tbi 
behavior  of  low  and  high  nitrogen  com  is  very  suggestive  from  i 
number  of  points  of  view.  From  the  present  standpoint  it  is  d 
interest  that  although  the  amount  of  nitrogen  in  the  alcoholic  extrad 
probably  influences  to  a  slight  degree  the  acidity  values  obtainei! 
under  the  present  conditions  it  can  not  possibly  influence  them  enouf^ 
to  invalidate  the  usefulness  of  the  acidity  determination.  Fuitber 
more,  in  sound  com  the  acidity  of  the  extract  can  depend  only  parti} 
upon  zein,  and  in  spoiled  com  it  can  depend  only  to  a  slight  d^rec 
upon  it.^  As  a  matter  of  fact  it  would  seem  that  less  nitrogen  ii 
extracted  when  the  acidity  is  high.  The  question  arose  whether  th 
lessening  of  the  nitrogen  extracted  is  due  to  a  consumption  of  zein  bj 
the  micro-organisms  causing  the  deterioration  or  whether  acidit} 
renders  zein  less  soluble. 

To  test  this,  good  com  was  extracted  with  neutral  alcohol  in  the 
usual  way  and  also  with  alcohol  to  which  sulphuric  acid  had  been 
added  until  its  acidity  corresponded  to  that  of  spoiled  com.  The 
result  did  not  come  up  to  expectations,  for  the  differences  were  insig- 
nificant as  the  following  figures  show: 

Extraction  toith  neutral  alcohol  and  with  acidified  alcohol. 


Sample  16. 

Extracted  by 

85  per  cent 

aioohol. 

Extrartedby 

85  per  cent 

alcobol-^5ce. 

HiSOiN.lO. 

f 

Xld^JIftbl  nitroffpn -  -  - 

Oram*. 
0.0241 

Omu. 

acssi 

These  negative  results,  together  with  the  figures  obtained  for  low- 
protein  (No.  28)  and  high-protein  (No.  29)  com,  make  it  probable 
that  it  is  not  the  acidity  developed  but  the  destmction  of  alcohol- 
soluble  nitrogenous  material  which  accounts  for  the  low-nitrogen 
content  of  the  alcoholic  extracts  of  very  acid  com. 

The  conversion  of  the  com  protein  into  other  substances  was  a  matter 
which  gave  considerable  food  for  thought.  As  long  as  it  was  not  known 
that  zein  was  an  unimportant  factor  in  causing  the  acidity  of  the 
extracts  it  was  deemed  possible  by  the  writers  that  altered  zein  might 
be  the  cause  of  the  acidity.  As  already  pointed  out,  zein  behaves  in 
some  respects  like  an  acid.  The  putrefaction  of  proteins  is  accom- 
panied among  other  processes  by  their  deamidization,  i.e., the  removal 
of  ammonia,  either  as  such  or  in  the  form  of  amins.    The  removal  ol 

a  Prof.  L.  H.  Smith,  of  the  Illinois  Agricultuxal  Experiment  Station,  kindly  fo^ 
nished  samples  of  low-protein  and  high-protein  com. 
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basic  groups  might  increase  the  acid  properties  of  the  proteins, 
possible  that  zein  might  in  this  way  become  more  acid  without 
4^riiicing  its  solubility  in  alcohol.  However,  when  it  was  found  that 
ke  acidity  did  not  depend  to  any  large  degree  upon  zein  the  investigar 
dh  of  this  point  was  postponed  to  some  future  time.  For  the  present 
le  fact  is  noted  that  the  zein  from  spmled  com  was  found  to  be 
ifferent  from  that  prepared  from  sound  com.  When  freshly  j)recipi- 
tted  it  is  not  so  tough,  but  rather  brittle  and  of  a  dirty  green  color, 
ren  when  obtained  from  white  com.  It  could  not  be  decolorized 
it  III  any  of  the  ordinary  fat  solvents;  a  study  of  the  nature  of  the 
b&iige  is  now  being  made. 

These  considerations  suggest  the  possibility  of  com  spoiling  so  as  to 
ecome  alkaline  from  the  formation  of  ammonia  and  amins.  This 
rould  of  course  ultimately  take  place,  but  probably  not  until  all  the 
tarch  in  the  grain  had  been  used  up.  When  it  did  occur  decomposi- 
ion  would  be  so  far  advanced  that  use  of  the  com  as  food  would  be 
[uite  out  of  the  question.  The  possibility  of  ammoniacal  decompo- 
ition  does  not  therefore  vitiate  the  acidity  test. 

The  nature  of  the  acids  formed  has  also  been  studied  by  the  writers, 
rhis  seems  to  be  an  intricate  question,  since  it  involves  more  than  a  sim- 
>le  acetic  or  lactic  acid  fermentation.  A  number  of  interesting  results 
lave  been  obtained  which  it  is  hoped  to  communicate  at  a  future  time, 
(■"or  the  present  the  fact  is  recorded  that  a  peculiar  volatile  ciyatalline 
icid  has  been  encountered  which  could  not  be  identified  as  any  of  #he 
>rdinary  fermentation  acids.  It  is  possible  that  it  is  identical  with 
the  acid  isolated  by  Gosio,^  and  it  is  hoped  that  its  identity  may  be 
learned. 

ASH   DBTKRMINATION. 

The  ash  determination  is  done  in  the  usual  manner.     However, 

com  is  quite  difficult  to  ash  without  employing  temperatures  so  great 

that  there  is  danger  of  loss  by  volatilization.     Experience  has  taught 

that  the  following  manipulations  are  useful.     Porcelain  is  best  used, 

as  platinuth  is  badly  attacked.     The  heating  is  begun  with  a  very 

small  flame,  and  at  least  half  an  hour  is  allowed  for  the  material  to 

become  charred.     In  this  way  a  porous  mass  is  obtained.     Rapid 

heating  causes  the  meal  to  char  and  covers  it  with  a  coating  of  fused 

salts  which  effectively  keeps  the  oxygen  from  gaining  access  to  the 

carbon.     In  the  course  of  an  hour  or  two  the  flame  is  gradually  raised 

to  the  full  heat  of  an  ordinary  Bunsen  burner.     When  after  a  time  the 

carbon  does  not  seem  to  be  disappearing,  the  crucible  is  cooled  and 

water  added.     This  water  is  then  evaporated  off  on  the  steam  bath. 

The  pieces  of  carbon  float  on  the  surface  and  climb  up  the  sides  of  the 

crucible,  so  that  when  the  crucible  is  dry  and  is  again  heated  they 

* — 1 1,  I  I  .11 

»0p.  cit.,  p.  871  et  seq. 
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bum  off  readily.     Sometimes  a  second  treatment  with  water  ii 
necessary. 

In  Italy  the  amoimt  of  ash  present  is  regarded  as  significant.  Ai 
ash  content  of  over  4  per  cent  is  considered  a  sure  sign  of  deterioni- 
tion.^  Undoubtedly  it  is.  Fermentation  increases  the  ash  contenl 
because  the  fungi  causing  the  fermentation  consume  oiganic  matia 
in  the  com  kernel,  converting  it  into  carbonic  acid  and  water,  whidi 
are  dissipated  into  the  atmosphere.  None  of  the  salts  disappear. 
Consequently,  since  the  organic  matter  in  the  fermented  kemeJ  ii 
lessened,  the  relative  proportion  of  salts  and  similar  constituents  ii 
increased  and  the  percentage  of  ash  rises  correspondingly.  An 
inspection  of  Table  III  shows  that  the  ash  content  of  good  com  caa 
be  considered  as  being  in  the  neighborhood  of  1.5  per  cent.  Inspec- 
tion of  Tables  IV  and  V  shows  further  that  badly  spoiled  com  (Nos. 
11,  25,  26,  and  27)  does  not  necessarily  have  a  very  high  ash  content. 
Only  in  meal  No.  14  is  it  noticeably  high.  Evidently  conditions  are 
different  in  Italy  or  else  com  far  more  badly  spoiled  than  any  seen 
in  the  course  of  this  investigation  is  common.  There  was  no  sampk 
with  more  than  2  per  cent  of  ash,  yet  Tables  IV  and  V  show  that  in  a 
general  way  ash  content  and  acidity  run  parallel.  The  ash  detenni- 
nation  is  troublesome,  the  acidity  determination  easy.  Therefore  in 
most  cases  the  former  may  be  omitted. 

From  another  point  of  view  the  ash  determination  is  significant. 
It  gives  an  indication  as  to  how  completely  a  meal  has  been  deger- 
minated  and  the  starchy  layer  of  the  endosperm  removed.  Nearly 
all  the  ash  of  the  kernel  is  located  in  the  germ.  Hence,  the  poorer 
the  meal  in  ash  the  more  complete  the  removal  of  the  germ  and  the 
adjacent  starchy  layer.  How  desirable  it  is  to  degerminate  com  has 
already  been  shown.  This  is  again  expressed  in  the  ash  and  acidity 
determinations  of  Table  V.  Thus^  the  meals  most  completely 
degerminated,  those  with  the  lowest  ash  content,  show  also  the 
lowest  acidity.  .  Nos.  16  and  18  were  yeUow  meals  milled  for  the 
northern  market  and  consisted  almost  exclusively  of  the  homy  layer 
of  the  endosperm.  The  very  fact  that  American  meals  vary  so  much 
in  the  degree  of  degermination  renders  ash  determinations  an  unsat- 
isfactory method  for  the  examination  of  meal.  Thus,  meal  made 
from  thoroughly  degerminated  com  would  have  a  low  ash  content. 
Subsequently,  owdng  to  moisture  or  faulty  storing,  it  might  become 
very  bad  indeed  without  showing  an  ash  content  as  high  as  that  of 
meal  from  whole  com. 

FAT  DETERMINATION. 

Although  the  asli  determination  gives  an  index  of  the  degree  of 
degermination  of  a  meal,  this  can  be  estimated  more  accurately  by  a 

a  Antonini,  G.,  op.  cit.,  p.  74. 
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b  determination.  The  germ  contains  only  10  per  cent  of  ash,  but 
\\WLS  often  over  30  per  cent  of  oil.  Consequently,  the  fat  detenni- 
^t;ion  is  the  moie  delicate  index  of  the  two.  Whole  com  contains 
L  trhe  average  about  4.3  per  cent  of  fat.  High-grade,  rather  coarse 
Bctl,  consisting  only  of  the  homy  layer,  may  contain  as  little  as  0.8 
ir  cent  of  fat.  Meals  on  the  average  will  vary  between  these  limits 
;eording  to  the  degree  of  degermination.  In  one  other  directibn 
le  fat  determination  is  useful.  It  makes  it  possible  sometimes  to 
»termine  whether  a  meal  has  been  adulterated  with  the  germ.  No 
icli  case  has  been  met  with  in  the  present  research,  but  it  seems  to 
stve  been  attempted  in  Europe.  Millers  have  there  adulterated 
leir  low-grade  meals  with  the  germ  obtained  as  a  by-product  in  the 
lanufacture  of  their  high-grade  meals.  Such  adulterated  meal  will 
F  course  show  a  fat  content  high  above  that  of  whole  com. 
The  fat  determinations  are  carried  out  in  the  usual  way  with  a 
oxhlet  extractor. 

THE  PHBNOL  BE  ACTION  OR  TEST  OW  G08I0. 

In  Italy  much  stress  is  laid  upon  the  phenol  reaction.  Schindler  ^ 
liscards  it  as  xmcertain;  it  could  be  obtained  only  once,  in  sample 
Id.  25,  the  worst  one  dealt  with.  This  fact  strengthens  the  suspicion 
hat  com  as  bad  as  that  which  seems  to  be  common  in  Italy  is  rare 
a  this  country. 

The  phenol  test  depends  upon  the  formation  by  molds  of  sub- 
itances  giving  color  reactions  with  ferric  chlorid.  The  Penicillium 
nolds,  or  at  least  some  of  them,  are  said  to  produce  this  substance  or 
substances.  Oosio  ^  has  endeavored  to  isolate  the  substance.  «  He 
>btained  a  small  amount  of  a  crystalline  substance  giving  a  color 
vdth  ferric  chlorid,  possibly  parahydrocumaric  acid.  It  was  not 
toxic.  Grosio,*  Gosio  and  Ferrati,  *^  and  Antonini  and  Ferrati*  all 
believe  that  the  toxic  substance  and  the  substance  giving  the  color 
with  ferric  chlorid  are  identical.  They  beUeve  that  the  toxicity  and 
the  reaction  of  Gosio  run  parallel.  These  views  are  not  accepted  by 
all  Italians  and  have  been  particularly  vigorously  attacked  by  Ceni.* 
Most  ItaUan  investigators  beheve  thLs  reaction  to  be  caused  by  phenols 

a  In  a  personal  communication. 

^Op.  cit.,  p.  869etBeq. 

c Gosio,  B.,  and  Ferrati,  E.  Suir  Azione  Fisiologica  dei  Veleni  del  Mais  Invaao  da 
Alcuni  Ifomiceti.    Rivista  d*Igiene  e  SaniU  Pubblica,  vol.  7,  1896,  p.  961. 

^Antonini,  G.,  and  Ferrati,  E.  Sulla  TossicitA  del  Mais  Invaso  da  *' Penicillium 
glaucum.'*  Archivio  di  Psichiatria,  Scienze  Penali  ed  Antropologia  Criminale,  vol. 
24,  p.  581. 

« Geni,  G.    Sulla  Reazione  Fenolica  in  Rapporto  coi  ToeBici  Pellagroseni.    Rivista 
Pellagrologica  Italiana,  vol.  6, 1906,  p.  60. 
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or  phenol  acids.  This  belief  is  based  not  upon  the  isolation  and 
chemical  identification  of  these  substances,  but  upon  the  feiric- 
chlorid  reaction  and  the  fact  that  extracts  giving  this  reaction  kill 
mice  with  symptoms  resembling  carbolic-acid  poisoning.  When  it 
is  considered  how  many  substances  give  color  reactions  with  ferric 
chlorid  and,  further,  how  difficult  it  is  to  form  any  opinion  of  the 
identity  of  a  poison  from  the  symptoms  it  produces  in  animals,  it 
must  be  concluded  that  it  is  premature  to  pass  judgment  on  the 
chemical  nature  of  these  substances. 

In  its  original  form  the  reaction  of  Goeio  is  performed  in  eiih^-  oi 
the  following  ways: 

(a)  From  50  to  100  grams  of  meal  are  warmed  for  several  hours  is 
twice  their  volume  of  80  per  cent  alcohol.  The  alcohol  is  then  fil- 
tered off  into  a  porcelain  dish  and  evaporated  to  dryness.  The 
residue  is  then  taken  up  with  wann  water,  filtered,  and  the  filtrate 
treated  with  a  dilute  solution  of  ferric  chlorid.  A  coloration  varying 
from  dark  green  to  bluish  violet  results. 

(6)  The  meal  is  suspended  in  water  acidified  with  a  few  drops  oi 
phosphoric  acid.  The  acid  suspension  is  exhausted  with  etiier,  the 
ethereal  extract  evaporated  to  diyness,  and  the  residue  tested  as 
above.®  Antonini  ^  advises  that  if  the  first-mentioned  procedure  is 
followed  the  extraction  be  continued  for  several  days,  shaking  from 
time  to  time  and  exposing  to  the  sunlight.  In  order  to  avoid  resinfl 
and  fats  which  may  obscure  the  reaction,  the  residue  may  be  ex- 
tracted with  boiling  water,  the  extract  filtered,  and  the  filtiaie 
tested.  If  the  second  procedure  is  foUowed,  he  advises  using  throe 
times  as  much  1  per  cent  phosphoric-acid  solution  as  com  (by 
volume)  for  the  extraction,  and  he  prolongs  it  for  several  days, 
shaking  thoroughly,  exposing  to  sunli^t,  and  wanning  slightly.  The 
writers  attained  the  best  success  with  this  modification.  When  the 
extraction  has  gone  on  long  enough,  the  suspension  is  cooled,  and 
then  treated  with  two  to  three  volumes  of  ether.  This  is  allowed  to 
separate  and  the  clear  ether,  which  alone  should  be  used,  is  decanted. 
It  is  shaken  out  repeatedly  with  distilled  water  to  remove  impurities. 
Finally,  the  clear  ether  is  decanted  from  the  water,  distilled  off,  and 
the  residue  tested. 

According  to  Antonini,  Camurri  has  modified  the  test  of  Ciosio  by 
distilling  the  meal  with  water  or  steam  and  performing  the  reaction 
upon  the  distillate.  The  reaction  is  said  to  be  even  more  distinct  if 
it  be  performed  upon  the  ethereal  extract  of  the  distillate. 

THE  REACTION  OP  OBI.« 

The  reaction  of  Ori  depemls  upon  the  fact  that  molds  contain  or 
produce  a  substance  or  series  of  substances  which  decompose  pep- 

o  Goeio,  B.,  op.  cit.,  p.  883.  *  Op.  cit.,  pp.  74-76.  cQri,  A.,  op.  cit. 
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Kxid  of  hydrogen  catalytically.  The  substance  producing  this 
lecomposition  is  believed  to  be  an  enzyme  and  has  been  called 
tttalase.  It  is  probably  of  universal  occurrence  in  living  things 
ind  therefore  also  occurs  in  the  com  kernel.  However,  it  seems  to 
>e  more  abundant  in  molds  than  in  com.  Consequently,  moldy  com 
►r  moldy  meal  will  decompose  peroxid  of  hydrogen  more  powerfully 
,han  good  com  or  good  meal.     The  reaction  is  carried  out  as  follows: 

Five  grams  of  meal  are  extracted  for  half  an  hour  with  15  c.  c.  of  a 
K)  per  cent  aqueous  solution  of  glycerin.  The  extract  is  then  filtered 
through  paper;  1  c.  c.  is  put  in  a  watch  glass  and  4  to  5  drops  of  a 
l-per  cent  peroxid  of  hydrogen  solution  added.  Good  degerminated 
Qiea]  gives  no  bubbles  at  first,  while  bad  meal  produces  a  strong 
effervescence  almost  at  once. 

The  writers  conclude  that  in  general  this  reaction  gives  a  good  indi- 
cation of  the  condition  of  the  meal  if  the  meal  be  thoroughly  degermi- 
nated. As  On  himself  points  out,  the  reaction  is  more  reliable  than 
that  of  Gosio;  while,  as  his  figures  show,  it  runs  parallel  with  the  acid- 
ity. Judged  by  his  figures,  it  does  not  seem  to  be  more  dehcate.  Now, 
good  com  kernels,  as  already  stated,  contain  a  certain  amount  of 
cat&lase,  and  therefore  meal  made  from  whole  com  decomposes  per- 
oxid of  hydrogen  to  a  certain  extent.  Usually,  however,  this  is  not 
as  extensive  as  when  the  com  is  moldy.  The  writers  found  by  taking 
com  kernels,  spUtting  them,  paring  the  germ  carefully  away,  and 
making  extracts  separately  of  the  endosperm  and  the  germ  that  the 
catalase  is  located  almost  exclusively  in  the  germ.^  The  extract  of 
the  germ  gives  practically  as  powerful  a  reaction  as  spoiled  meal. 
Here,  then,  are  possibiUties  of  confusion.  Thoroughly  degerminated 
meal  ought  not  to  decompose  peroxid  of  hydrogen.  Meal  from  good 
whole  com  will  decompose  peroxid  of  hydrogen  to  a  certain  extent. 
Hence,  it  is  conceivable  that  meal  from  very  thoroughly  degermi- 
nated com  may  become  somewhat  moldy  and  yet  give  Ori's  reaction 
no  more  intensely  than  meal  from  good  whole  com.  Therefore,  in 
order  to  form  a  correct  estimate  of  the  value  of  the  reaction  in  anv 
given  case  it  ought  to  be  known  whether  the  product  was  obtained 
fax)m  degerminated  material.  Viewed  from  this  aspect  the  reaction 
of  Ori  has  its  value.  On  the  other  hand,  there  is  another  possibihty. 
It  seems  conceivable  that  meal  might  be  made  from  com  spoiled  in 
such  a  way  that  the  molds  were  situated  mainly  in  the  germ.  If  in 
the  process  of  milling  the  com  were  thoroughly  degerminated  and 
carefully  bolted,  the  greater  part  of  the  molds  might  be  removed. 

^  Since  making  these  experiments  it  was  discovered  that  similar  observations  upon 
wheat  have  been  made  very  recently  by  P.  Liechti.    See  Die  Prdfung  von  Mehlen 
uif  Grund  ihres  Gehaltes  an  Katalase,  Vorl&ufige  Mitteilung,  Chemiker  Zeitung,  vol. 
3a,  p.  1057. 
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In  such  a  xase  the  com  might  show  a  fairly  high  acidity  and  never- 
theless a  weak  reaction  of  Ori.  Meal  with  high  acidity  and  ne^tive 
action  upon  peroxid  of  hydrogen  was  actually  encountered  by  Ori,  and 
he  points  out  that  this  phenomenon  might  in  some  way  be  connected 
with  degermination.'  There  is  still  another  factor  to  be  taken  into 
consideration.  Catalase  is  an  enzyme.  It  is  therefore  weakened  or 
destroyed  by  temperatures  of  60**  C.  and  higher.  Artificially  dried 
com  might,  therefore,  when  carelessly  dried,  lose  its  power  to  decom- 
pose peroxid  of  hydrogen. 

It  is  quite  possible  that  with  these  limitations  this  reaction  might  be 
developed  into  a  useful  rapid  method  if  it  were  made  quantitative. 
This  ought  to  be  easy,  either  by  measuring  the  volume  of  oxygen 
evolved  in  a  unit  of  time  or  by  titrating  the  excess  of  peroxid  of 
hydrogen  remaining  after  a  given  time. 

Ori  has  also  suggested  another  test  based  upon  the  fact  that  com 
does  not  contain  appreciable  amounts  of  invertase,  while  most  molds 
do.  It  is  applied  by  putting  30  grams  of  meal  into  a  flask  with  90 
cubic  centimeters  of  50  per  cent  aqueous  solution  of  glycerin.  After 
standing  for  twenty-four  hours  the  extract  is  filtered  oflF  and  twice  its 
volume  of  90  per  cent  alcohol  added  to  it.  The  precipitate  formed 
by  the  alcohol  is  collected  upon  a  filter  and  dissolved  in  45  c.  c.  of  dis- 
tilled water.  Of  this  solution  2  c.  c.  are  added  to  50  c.  c.  of  a  10  per 
cent  cane-sugar  solution  and  the  mixture  incubated  for  twenty-four 
hours  at  50*^  C.  It  is  then  tested  for  reduction  and  the  sugar  titrated. 
Good  meal  should  produce  no  reduction  or  only  a  minimal  one. 
This  test  has  not  been  used  in  this  investigation. 

THE   DETERMINATION   OF  TOXICITY. 

Much  stress  is  laid  in  Italy  upon  the  determination  of  toxicity. 
Schindler  does  not  even  mention  it.  It  is  performed  as  follows:  A 
weighed  quantity  of  meal  is  extracted  at  about  body  temperature 
with  90  per  cent  alcohol  for  twenty-four  hours.  It  is  then  filtered  and 
the  alcoholic  filtrate  evaporated  until  the  alcohol  is  removed.  The 
residue  is  taken  up  in  water  at  a  temperature  of  40°  C,  made  up  with 
warm  water  to  a  definite  volume  so  that  0.5  c.  c.  corresponds  to  about 
0.5  grams  of  the  meal,  and  an  amount  equivalent  to  0.5  grams  of  meal 
injected  subcutaneously  into  a  mouse.  Larger  quantities  of  liquid 
are  often  injected,  but  this  seems  open  to  objection  in  so  smaU  an 
animal.  The  mouse  is  chosen  because  it  is  supposed  to  be  the  most 
sensitive  to  the  poison.**  The  symptoms  are  described  as  consisting 
of  clonic  spasms  and  localized  contractures  of  the  muscles,  embar- 
rassed respiration,  gradual  paralysis,  collapse,   death.     Sometimes 

a  Ori,  A.,  op.  cit.,  p.  187.  &  Gosio,  B.,  and  Ferrati,  E.,  op.  cit.,  p.  964. 
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pisthotonos  ensues.  On  autopsy  little  is  said  to  be  noticeable  except 
A&mmation  at  the  site  of  injection  and  hyperaemia  of  the  cord.  ' 
JL  sample  of  com  which  was  toxic  when  injected  in  the  dosage  given 
bo^e  was  never  encountered  in  the  present  investigation.  How- 
Erer,  the  procedure  was  varied  from  that  of  the  Italians  because  of  the 
>Ilo^wing  considerations:  The  extracts  may  be  very  acid.  It  is  well 
Doivn  that  herbivorous  animals  are  very  sensitive  to  acids  which 
aey  are  incapable  of  destroying  in  their  metabolism.  The  symptoms 
f  such  an  acid  intoxication  (acidosis)  are,  however,  different  from 
bose  described  above.  The  behavior  of  mice  toward  acid  intoxica- 
ion  is  not  known  so  far  as  a  hasty  search  of  the  literature  has  shown. 
t  is  therefore  conceivable  that  some  of  the  toxic  effects  of  the  injec- 
ion  of  corn  extracts  may  merely  have  been  acid  effects.  For  these 
easons  the  solutions  injected  were  usually  neutralized.  Perhaps  that 
)  why  toxic  effects  were  not  obtained.  In  this  connection  it  is  inteiv 
sting  to  note  that  Gosio  and  Ferrati  ^  distinctly  state  that  alkali 
neutralizes  the  poison,  and  in  another  place  that  culture  fluid  of 
l^enicillium  cultures  becomes  less  toxic  as  the  culture  grows  older  and 
ts  acidity  diminishes. 

rSSTS  FOR  MIGRO-ORQANISMS  AND  FOR  A  TENDENCY  TO  BECOME  MOLDY. 

The  test  for  micro-organisms  and  the  tendency  to  become  moldy 
nvolves  the  quantitative  determination  of  the  number  of  organisms 
n  the  suspicious  sample  compared  with  a  sound  sample.  The  methods 
Hitherto  proposed  for  this  purpose  do  not  seem  to  be  adequate.  To 
levise  improved  ones  and  to  determine  the  nature  of  the  organisms 
present  is  beyond  the  limits  of  the  present  problem.  This  has  been 
undertaken  by  Dr.  Erwin  F.  Smith,  of  the  Bureau  of  Plant  Industry, 
uid  he  will  no  doubt  report  in  due  time. 

A  number  of  other  tests  have  been  proposed  by  various  authors, 
Buch  as  the  application  of  Millon's  test  and  the  bromin  water  test,  to 
com  extr^ts.  They  are  based  on  the  assumption  that  the  toxic 
substances,  of  spoiled  com  are  phenols.  Neither  seems  to  offer  any 
special  advantage. 

These,  then,  are  the  >  chief  methods  hitherto  used  for  determining 
the  fitness  of  com  for  food.  Although  the  writers  lay  the  most  stress 
upon  the  determination  of  acidity,  each  of  the  other  tests  has  its 
uses.  Under  ordinary  circumstances  the  examination  will  probably 
have  to  be  limited  to  the  acidity  determination,  while  the  expert 
food  chemist  and  bacteriologist  will  control  his  results  by  using  a 
number  of  other  methods  and  thus  reach  an  estimate  more  nearly 
correct  than  any  single  method  can  give. 

a  Op.  cit.,  p.  978. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington^  D,  C,  August  18^  1910. 

Sir  :  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  as  Bulletin  No.  200  of  the  series  of  this  Bureau  the 
accompanying  manuscript,  entitled  "  Breeding  New  Types  of  Egyp- 
tian Cotton,"  by  Mr.  Thomas  H.  Kearney,  Physiologist  in  Charge  of 
Alkali  and  Drought  Resistant  Plant  Breeding  Investigations. 

As  a  result  of  experiments  that  have  been  carried  on  for  the  past 
seven  years  in  acclimatizing  and  breeding  Egyptian  cotton  in  the 
southwestern  United  States,  several  distinct  types  have  originated 
from  the  stock  of  imported  seed  of  the  Mit  Afifi  variety  with  which 
the  work  was  begun.  Two  of  these  are  as  distinct  in  the  characters  of 
the  plants,  bolls,  and  fiber  as  some  of  the  newer  varieties  w^hich  have 
originated  in  Egypt  from  the  Mit  Afifi.  A  third  promising  type  is  an 
improved  acclimatized  strain  of  Mit  Afifi  rather  than  a  new  variety. 

The  principal  object  of  the  present  publication  is  to  describe  the 
leading  characteristics  of  these  promising  varieties  and  strains  and 
the  methods  followed  in  the  plant-breeding  work.  A  brief  account 
is  also  given  of  the  general  progress  of  the  acclimatization  experi- 
ments with  Egyptian  cotton  during  the  year  1909. 

The  United  States  continues  to  import  large  quantities  of  staple 
cotton.  In  1909  the  imports  from  Egypt  amounted  to  72,617,893 
pounds,  valued  at  $12,101,000.  Spinners  who  have  examined  samples 
of  the  acclimatized  Egyptian  fiber  grown  last  year  in  the  Southwest 
pronounce  it  to  be  in  every  way  as  well  adapted  to  their  requirements 
as  imported  cotton  of  corresponding  grades. 

The  possibility  of  growing  Egyptian  cotton  of  good  quality  on  the 
irrigated  lands  of  southern  Arizona  and  southeastern  California  has 
heen  demonstrated.  Production  on  a  large  scale  awaits  the  solution  of 
certain  cultural  and  commercial  problems  which  are  now  receiving 
attention. 

Respectfully, 

G.  H.  Powell, 
Acting  Chief  of  Bureau, 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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B.  P.  I.— 611. 

BREEDING  NEW  TYPES  OF  EGYPTIAN 

COnON." 


INTRODUCTION. 

The  work  of  the  Bureau  of  Plant  Industry  with  Egyptian  cotton 
in  the  Southwestern  States  and  Territories  involves  three  closely 
related  but  somewhat  distinct  lines  of  investigation,  as  follows: 

(1)  Plant-breeding  investigations,  the  object  of  which  is  to  secure 
improved,  high-yielding  varieties  and  strains  by  the  selection  of 
superior  individuals  producing  fiber  which  represents  the  best  com- 
mercial types  of  Egyptian  cotton.  The  present  publication  deals 
mainly  with  this  phase  of  the  work. 

(2)  Acclimatization  investigations,  the  object  of  which  is  to  study 
the  diversity  exhibited  by  imported  and  by  more  or  less  acclimatized 
stocks  when  planted  under  different  environmental  conditions,  so  as 
to  ascertain  what  environments  and  what  cultural  conditions  are 
most  favorable  to  uniformity,  fruitfulness,  and  the  production  of 
good  lint  in  each  stock.'' 

(3)  The  study  of  irrigation  and  other  cultural  methods  for  grow- 
ing the  crop  and  of  industrial  methods  for  preparing  and  market- 
ing the  product.  These  studies  are  directed  by  the  officers  of  the 
Bureau  of  Plant  Industry  who  are  in  charge  of  the  cooperative 

"The  general  results  of  the  experiments  with  Egyptian  cotton  in  the  south- 
western United  States  up  to  the  end  of  the  year  11)()S  were  described  in  Bulle- 
tin 128  of  the  Bureau  of  Plant  Industry,  entitled  "  Egyptian  Cotton  in  the 
Southwestern  United  States,"  and  in  Circular  29  of  the  same  Bureau,  entitled 
"Experiments  with  Egyptian  Cotton  in  1908,"  both  publications  being  by 
Thomas  H.  Kearney  and  William  A.  Peterson. 

*Some  of  the  results  of  the  investigations  in  this  field  by  Mr.  O.  F.  Cook 
and  his  assistants  are  descrU>ed  in  the  following  publications  of  the  Bureau 
of  Plant  Industry :  Bulletin  147,  entitled  *'  Suppressed  and  Intensified  Char- 
acters in  Cotton  Hybrids,"  by  O.  F.  Cook,  1909;  Bulletin  156,  "A  Study  of 
Diversity  fn  Egyptian  Cotton,"  by  O.  F.  Cook,  Argyle  Mcl^chlan,  and  Rowland 
M.  Meade,  1909 ;  Circular  42,  "  Origin  of  the  Hindi  Cotton,"  by  O.  F.  Cook,  1909 ; 
Circular  53,  **Mutative  Reversions  In  Cotton,"  by  O.  F.  Cook,  1910. 

200 

7 
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work  with  the  Reclamation  Service  and  with  the  Office  of  Indian 
Affairs,  respectively.  Mr.  W.  A.  Peterson,  superintendent  of  the 
cooperative  experiment  farm  of  the  reclamation  project  at  Yuma, 
Ariz.,  and  Mr.  E.  W.  Hudson,  superintendent  of  the  cooj>erative  ex- 
periment farm  on  the  Pima  Indian  Reservation  at  Sacaton,  Ariz., 
are  in  immediate  charge  of  the  cultural  experiments.  Most  of  the 
experimental  work  with  Egyptian  cotton  in  the  Southwest  has  thus 
far  been  carried  on  at  these  two  stations. 

In  1909  the  plant-breeding  plats  were  located  in  the  Yuma  Valley* 
and  at  Sacaton,  Ariz.  In  the  Yuma  Valley  two  fields  were  planted 
with  bulk  seed  of  the  two  most  promising  of  the  new  types  described 
later,  four  fields  were  each  planted  with  imported  seed  of  one  of 
the  Egyptian  varieties,  and  various  smaller  experimental  plantings 
were  made.  At  Sacaton,  in  addition  to  the  plant-breeding  plat  and  the 
plats  grown  from  imported  seed  of  Eg}''ptian  varieties,  a  field  of  10 
acres  was  grown  from  mixed  seed  of , the  "  bulk  selections"  made  at 
Sacaton  in  1908.  In  the  Imperial  Valley,  California,  small  field 
plantings  of  four  different  types  of  the  acclimatized  stock  were  made, 
each  in  a  different  locality.  Another  of  the  acclimatized  types  was 
tested  at  Glendale,  near  Los  Angeles,  Cal.,  alongside  a  planting  of 
newly  imported  seed  of  the  Mit  Afifi  variety. 

The  results  of  the  season's  work  were  on  the  whole  very  ercour- 
aging.  For  the  first  time  in  the  course  of  these  experiments,  fields  of 
several  acres  each  were  planted  to  high-bi-ed  varieties  and  strains, 
each  derived  from  a  single  individual  plant  selected  in  the  breeding 
nursery  only  two  years  previouslj^.  A  gratifying  degree  of  uni- 
formity in  the  plants  and  fiber  was  exhibited.  The  best  three  of 
these  new  types  are  described  in  detail  in  the  present  publication. 
Two  of  them,  the  "  Yuma  "  and  the  "  Somerton  "  varieties,  are  so 
distinct  from  the  Mit  Afifi  variety,  with  which  the  breeding  work 
was  begun,  as  to  warrant  the  assumption  that  they  constitute  muta- 
tions. The  third  (strain  No.  361)  is  a  typical  Mit  Afifi,  but  superior 
in  yield,  earliness,  and  quality  of  the  fiber  to  plants  grown  from 
imported  seed  of  that  variety.  This  strain  is  apparently  a  product 
of  acclimatization  and  selection  without  the  aid  of  mutation. 

The  great  amount  of  diversity  that  manifested  itself  in  the  experi- 
mental fields  in  1908  was  largely  eliminated,  partly  as  a  result  of 
planting  these  selected  stocks  and  partly  through  the  application  of 
methods  of  "  roguing  "  at  an  early  stage  in  the  development  of  the 

<»  Tbe  experimental  plantings  in  the  Yuma  Valley  In  1909  were  located  near 
the  village  of  Somerton,  about  14  mHes  south  of  the  town  of  Yuma.  In  1910 
most  of  the  experimental  work  near  Yuma  is  located  on  the  new  cooperative 
experiment  farm  situated  on  the  California  side  of  the  Colorado  River,  about  7 
miles  above  the  town  of  Yuma. 
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)lant8  which  Mr.  Cook  has  worked  out  as  a  result  of  his  studies  of 
iiversity.  Samples  of  the  fiber  produced  at  Somerton  and  Sacaton 
in  1909  were  submitted  to  a  number  of  buyers  and  spinners,  who  have 
fiven  uniformly  favorable  reports  on  its  quality.  Comparisons  with 
cotton  of  the  corresponding  grades  imported  from  Egypt  have  in- 
variably been  favorable  to  the  Arizona  product. 

NEW  TYPES  DEVELOPED. 

The  varieties  and  strains**  of  Egyptian  cotton  described  in  this 
paper  were  derived  from  a  stock  of  seed  of  the  Mit  Afifi  variety 
mported  from  Egypt  by  the  Office  of  Seed  and  Plant  Introduction 
ind  Distribution  and  tested  at  several  localities  in  the  Southwest  in 
1902.'^  They  are  all  descended  from  individual-plant  selections  made 
in  the  field  at  Carlsbad,  N.  Mex.,  that  was  planted  with  this  seed. 
In  1906  the  surviving  progenies  of  these  selections  were  transferred 
to  Yuma,  Ariz.,  and  since  then  the  breeding  work  has  been  continued 
in  that  locality.  In  1909  a  plant-breeding  nursery  was  started  at 
Sacaton,  Ariz.,  with  seed  of  a  number  of  individual  selections  from 
the  progeny  rows  at  Yuma  of  the  previous  year,  in  addition  to  seed 
of  a  number  of  individual  selections  made  in  1908  in  the  10-acre  field 
at  Sacaton.^' 

•  In  this  bulletin  the  term  "  variety  "  is  applied  to  such  of  the  new  forma  as 
can  easily  be  distinguished  from  the  original  stock  by  their  botanical  charac- 
ters. The  two  new  varieties  described  are  believed  to  have  originated  as  muta- 
tions. Where  the  differences  are  simply  of  degree — greater  fruitfulness,  earlier 
ripening,  longer  and  stronger  fiber,  etc. — and  no  evidence  of  mutation  is  shown, 
the  term  "  strain  "  is  employed. 

*  For  an  account  of  the  earlier  experiments,  see  Bulletin  128,  Bureau  of  Plant 
Industry,  Ignited  States  Department  of  Agriculture,  IOCS,  pp.  34^5. 

^The  field  planting  of  1908  at  Sacaton  was  made  with  mixed  seed  from  the 
1907  breeding  rows  at  Yuma.  As  would  be  expected,  considerable  diversity  was 
noted  among  the  plants  in  this  field.  A  large  number  of  individuals  which 
were  superior  to  the  average  in  fertility  and  in  fiber  qualities  and  which 
appeared  to  be  purely  Egyptian  in  all  their  characters  were  marked  and  picked 
neparately.  The  mixed  seed  from  these  plants  was  used  for  planting  the  "  gen- 
eral field"  at  Sacaton  in  1909,  in  order  to  ascertain  the  general  fertility  and 
state  of  acclimatization  of  the  stock  after  the  removal  of  all  hybrids  and  other 
conspicuously  inferior  individuals  and  to  afford  a  further  opportunity  for  tlie 
•election  of  desirable  types  of  plants  that  might  appear  under  the  Sacaton  con- 
ditions. The  result  was  a  marked  Improvement  in  average  fruitfulness  and  in 
the  qnality  of  the  fiber  as  compared  with  the  1908  field.  The  same  method  of 
**bulk  selection*'  was  repeated  in  1909.  It  will  be  interesting  to  compare  the 
performance  of  this  second  generation  of  bulk  selections  with  that  of  carefully 
selected  varieties  and  strains  derived  from  single  individuals,  which  will  also 
be  tested  on  a  field  scale  at  Sacaton  in  1910. 
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METHODS  OF  SELECTION. 

The  breeding  methods  employed  have  been  very  simple.  At  the 
outset  all  the  plants  in  the  test  field  were  examined,  and  those  indi- 
viduals which  were  most  fruitful,  ripened  earliest,  and  had  the  largest 
bolls  and  the  best  fiber  were  given  numbered  tags  and  were  picked 
separately.  The  seed  cotton  from  these  plants  was  then  carefully 
compared  in  the  laboratory  and  the  final  selection  of  the  most  prom- 
ising individuals  was  made. 

The  following  year  the  seed  from  each  of  these  selections  was 
planted  in  a  progeny  row,  and  each  row  was  marked  with  the  number 
of  the  corresponding  selection.  When  the  bolls  began  to  open  in  the 
fall  the  rows  were  carefully  worked  over,  and  the  best  individuals 
were  selected.    This  process  has  been  continued  year  after  year. 

As  the  work  developed,  the  methods  were  improved.  Latterly 
more  importance  has  been  attached  to  the  "  projected  efficiency  ^  of 
the  individual  selections  as  shown  by  the  greater  or  lesser  degree  of 
uniformity  in  the  good  qualities  of  their  progeny.  It  is  now  the 
practice  to  begin  the  work  of  selection  each  year  by  a  general  survey 
and  comparison  of  the  progeny  rows  as  units.  As  a  result,  many  of 
the  rows  can  be  rejected  at  once,  either  because  the  plants  show  too 
much  diversity  or  because  their  average  fruitfulness,  length  of  lint, 
and  other  qualities  are  inferior.  Further  consideration  is  given  to 
only  those  rows  which  show  a  high  degree  of  uniformity  and  in  which 
at  least  a  majority  of  the  individuals  are  desirable  in  all  essential 
qualities."  The  best  individuals  in  the  superior  rows  are  then  se- 
lected by  careful  comparison  in  the  field,  the  branching  habit  and 
productiveness  of  the  plants  and  the  size  of  the  bolls  being  noted 
and  the  lint  from  a  number  of  bolls  on  different  parts  of  the  plant  be- 
ing combed  out  and  examined  in  respect  to  length,  strength,  and 
general  quality. 

Evidence  has  accumulated  to  the  effect  that  the  type  of  branching 
of  the  plant  is  one  of  the  most  important  characters  to  be  considered 
in  making  selections.  Plants  which  bear  a  large  proportion  of  the 
bolls  on  the  fertile  branches  of  the  main  stem,  with  a  corresponding 
reduction  in  the  size  of  the  "  limbs,"  *  are  to  be  preferred  because 

<»An  exception  should  be  nrnde  to  this  rule  In  the  case  of  strikinifly  superior 
Individuals  which  are  so  distinct  as  to  warrant  the  belief  that  they  are  muta- 
tions. Such  individuals  should  be  retained  even  If  the  rows  In  which  th^ 
occur  are  otherwise  inferior,  In  view  of  the  generally  admitted  tendency  of 
mutations  to  be  prepotent. 

*  The  distinction  between  the  fertile  branches  and  the  "  limbs,"  or  large  vege- 
tative branches  (wliich  in  Egyptian  cotton  are  produced  only  at  a  few  of  the 
lowest  nodes  of  the  main  stem),  is  well  expressed  by  Mr.  O.  F.  Cook  In  Bulletin 
156  of  the  Bureau  of  Plant  Industry,  p.  29:  **  The  branches  of  the  t*ot ton  plant 
are  of  two  definitely  diflferent  forms.    Fertile  branches  are  horizontal  or  drooping- 
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liey  are  much  easier  to  pick  and  because  the  ripe  bolls  are  held  up 
setter  and  escape  contact  with  dust  and  mud.  The  ability  to  develop 
!ruiting  branches  at  low  nodes  of  the  axis — in  other  words,  to  set  a 
'"  bottom  crop  " — is  a  desirable  character,  being  an  important  factor 
n  great  fruitfulness.  The  size  of  the  bolls  must  be  considered,  not 
^nly  because  large  bolls  make  picking  easier,  but  because  this  char- 
icter  is  intimately  associated  with  length  of  fiber.''  It  was  discovered 
ast  year  that  an  examination  of  the  breeding  rows  several  weeks  be- 
Fore  the  bolls  begin  to  ripen  is  exceedingly  helpful,  since  it  is  much 
»isier  at  that  period  to  compare  the  different  rows  in  respect  to  type 
>f  plant  and  amount  of  diversity.  The  percentage  of  contamination 
Lhat  has  resulted  from  previous  crossing  with  other  'types  is  especially 
»asy  to  determine  at  this  early  stage. 

The  seed  cotton  from  the  preliminary  selections  made  in  the  field 
s  picked  separately,  and  the  fiber  is  carefully  examined  and  com- 
pared on  the  seed  in  the  laboratory.  The  seed  cotton  from  each 
plant  is  then  ginned,  and  the  color  of  the  resulting  fiber  is  deter- 
mined by  matching  with  imported  samples  of  the  different  Egyptian 
varieties. *>  The  average  amount  of  fuzz  on  the  seeds  is  also  recorded 
after  ginning.  By  a  careful  comparison  of  the  field  notes  on  produc- 
tiveness, earliness,  vegetative  characters  of  the  plants,  and  size  of  the 
bolls  with  the  results  of  the  examination  of  the  fiber  in  the  laboratory, 
the  final  choice  is  made  of  the  selections  to  be  retained  for  planting 
in  progeny  rows  the  following  year,  and  the  rest  are  discarded.  The 
more  promising  types  are  tested  on  a  field  scale  by  planting  in  differ- 

Each  joint  bears  n  fruit  bud*  and  the  intemodea  are  twisted  to  bring  the 
buds  to  the  upper  side.  Sterile  branches,  or  *  limbs,'  are  upright  or  ascending, 
with  long  straight  joints  and  no  fruit  buds.  The  sterile  limbs  are  to  be  thought 
of  as  subdivisions  of  the  main  stallc  and  have  the  ssime  function.  lAke  the 
main  stalk  they  can  produce  other  branches  which  are  fertile,  but  are  them- 
selves unable  to  set  any  flowers  or  fruits." 

•  Mr.  O.  F.  Cook  has  called  attention  in  Bulletin  159  of  the  Bureau  of  Plant 
Industry,  p.  45,  to  the  existence  of  this  correlation  between  the  length  of  the 
boll  and  the  length  of  the  fil)er.  The  writer  has  observed  that  in  Egyptian 
cotton,  although  extremely  long,  narrow  bolls  sometimes  contain  inferior  tibei, 
very  short,  rounded  bolls  are  never  correlated  with  long  lint. 

*  Mit  Afifl  has  the  most  deeply  colored  fiber.  A  comparison  of  the  Imported 
sample  of  this  variety,  which  has  been  used  as  a  standard,  with  the  hand-painted 
specimens  of  color  tints  given  in  Ridgway's  **  Nomenclature  of  Colors"  (Boston, 
1886)  shows  the  color  of  this  sample  to  be  very  nearly  intermediate  between 
'*  cream -butr  "  and  **  pinkish-buff  " ;  Nubari  is  somewhat  lighter  colored,  corre- 
sponding very  nearly  with  the  "cream  color"  of  Ridgway ;  Jannovitch  fiber  is 
much  lighter  colored  than  Nubari  and  may  be  described  as  of  a  very  pale  tint 
of  cream  color;  Abbasi  fiber  is  white,  tinged  with  cream.  To  conform  with  com- 
mercial usage,  however,  the  terms  "brown"  (Mit  Afifi),  "light  l>rown" 
(Nubari).  "cream  colored"  (Jannovitch),  and  "white"  (Abbasi)  will  be  used 
in  this  i>aper. 
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ent  localities  the  mixed  seed  from  the  unselected  plants  in  the  progeny 
rows.  The  degree  to  which  the  type  maintains  its  uniformity  and 
desirable  qualities  of  plant  and  fiber  when  grown  in  large  fields, 
especially  if  at  different  localities  affording  a  considerable  diversity 
of  climatic  and  soil  conditions,  is,  of  course,  the  final  measure  of  its 
agricultural  value. 

The  types  represented  by  progeny  rows  in  the  breeding  nurseries  at 
Yuma  and  Sacaton  in  1909  were  designated  by  the  following  num- 
bers :  300,  301,  310,  320,  330,  340,  350,  360,  361,  362,  363,  370,  380,  382, 
383,  and  390.  Each  of  these  numbers  is  that  of  an  individual  selection 
made  at  Yuma  in  1907  and  of  the  corresponding  progeny  row  grown 
at  Yuma  in  1908.  'All  types  the  numbers  of  which  belong  to  the  same 
decade  (as  300  and  301,  360  to  363,  etc.)  are  closely  related,  having 
been  derived  from  the  same  individual  plant  selected  at  Yuma  in 
1906.  All  types  numbered  from  300  to  340,  inclusive,  came  from  one 
individual  selected  in  the  field  at  Carlsbad,  N.  Mex.,  in  1902,  and  all 
those  numbered  from  350  to  390,  inclusive,  are  derived  from  several 
individual  selections  made  in  the  breeding  nursery  at  the  same  place 
in  1905.« 

The  progenies  of  numerous  individual  selections  in  each  of  the 
above  types  were  grown  on  the  "  plant-to-a-row "  system  in  the 
breeding  nurseries  at  Yuma  and  at  Sacaton  in  1909.  Strain  No.  361 
and  the  Yuma  variety  (No.  382)  were  tested  on  a  field  scale  near 
Yuma,  seed  from  the  unselected  plants  in  the  respective  progeny 
rows  of  1908  having  been  used  for  these  plantings.  Selections  from 
the  progeny  rows  of  the  following  seven  types  have  been  planted  in 
the  breeding  nurseries  of  the  present  year  (1910)  at  Yuma  and 
Sacaton:  Nos.  301,  310,  360,  362,  370  (the  Somerton  variety),  382 
(the  Yuma  variety),  and  390. 

Heretofore  the  various  progeny  rows  of  all  the  types  represented 
have  been  grown  side  by  side  in  the  breeding  nurseries,  with  no  at- 
tempt to  isolate  one  from  another.  Even  under  these  conditions  most 
of  the  rows  in  1909  showed  a  definite  unity  of  type.  This  indicates*a 
strong  tendency  to  prepotency  in  the  charactei^s  of  several  of  these 
types,  for  in  Arizona  the  Egyptian  cotton  generally  crosses  very  freely 
even  with  other  species  when  grown  near  by,  and  a  high  percentage 
of  hybrids  results.^    Hereafter,  in  order  to  prevent,  if  possible,  any 

«  Owing  to  an  accident  to  the  stakes  at  the  heads  of  most  of  the  rows  in  the 
!)reedlng  nnrsery  of  1905,  the  detailed  records  of  the  earlier  ancestry  of  strains 
ijnO  to  300  were  lost,  but  they  are  all  descended  from  the  same  stoclv  of  imported 
Mit  Afifi  Kgjqjtiau  seed  that  was  grown  at  Carlsbad  In  1902. 

^  Owing  to  the  fact  that  plats  of  Upland  varieties  were  grown  in  the  neigh- 
borhood of  the  breeding  rows  of  Egyptian  cotton  at  Yuma  In  1907,  many  of 
the  progeny  rows  in  1908  contained  a  high  i>ercentage  of  hybrids.  In  one  row 
there  were  as  many  as  25  per  cent  of  first-generation  Egyptian-Upland  hybrid& 
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contamination  due  to  intercrossing  of  the  different  stocks,  the  progeny 
rows  of  each  of  the  most  promising  types  will  be  isolated,  as  far  as 
practicable,  from  all  cotton  of  different  ancestry. 

The  three  most  promising  types  that  have  so  far  been  developed  in 
the  course  of  this  breeding  work  are  described  in  detail  in  the  follow- 
ing pages.  The  remaining  types  either  appear  less  promising  or 
have  not  yet  been  sufficiently  tested. 

THE  YUMA  VARIETY. 

Type  No.  382,  here  designated  the  "  Yuma  "  variety,  is  upon  the 
whole  the  most  promising  that  has  so  far  been  developed  in  this  breed- 
ing work,  and  is  the  one  which  has  been  most  thoroughly  tested  on  a 
field  scale.  In  1909  a  field  of  4^  acres  near  Yuma,  Ariz.,  was  planted 
to  this  seed,  and  a  high  degree  of  uniformity  was  noted  in  the  char- 
acters of  the  plants,  which  were  very  productive  and  had  large  bolls 
with  lint  of  good  quality.  Seed  of  the  Yuma  variety  was  planted  in 
1910  at  all  localities  where  experiments  with  Egyptian  types  of  cotton 
were  undertaken,  in  order  to  test  its  power  of  retaining  its  desirable 
qualities  under  a  variety  of  conditions  of  climate  and  soil. 

HISTORY   OF  THE   VARIETY   PREVIOUS   TO    1909. 

The  progenitor  of  the  "  Yuma  "  variety  was  a  plant  selected  in  the 
breeding  nursery  at  Carlsbad,  N.  Mex.,  in  1905.  It  was  derived  from 
the  stock  of  Mit  Afifi  Egyptian  seed  planted  at  Carlsbad  in  1902, 
from  which  all  the  other  types  described  in  this  paper  are  likewise 
descended.  In  the  progeny  row  grown  at  Yuma,  Ariz.,  in  1906  from 
tl>e  Carlsbad  selection  an  individual  was  selected  which  was  char- 
acterized by  high  productiveness,  very  large  bolls,  nearly  smooth 
seeds,  a  high  peV'centage  of  lint  (32  per  cent),  and  fiber  that  was  very 
satisfactory  in  length,  strength,  and  fineness.  The  progeny  plants  of 
this  selection  in  1907  were  of  excellent  average  quality.  One  of  the 
selections.  No.  382,  from  this  progeny  row  was  the  immediate  pro- 
genitor of  this  variety.  It  was  a  very  productive  plant,  with  large, 
long-pointed  bolls,  and  its  fiber  was  silky  and  lustrous,  very  strong, 
and  more  than  IJ  inches  in  length."  The  lint  percentage  (27)  was 
considerably  lower  than  that  of  its  progenitor  in  1906. 

The  amount  of  crossing  which  tnkes  place  under  these  conditions  in  Arizona 
seems  far  in  excess  of  what  has  been  observed  by  most  cotton  breeders  in  the 
eastern  United  States.  It  can  doubtless  be  attributed  to  the  unusual  abun- 
dance of  wild  bees  and  other  flower-visiting  insects  in  the  cotton  fields  during 
tte  summer  and  early  fall. 

"Measurements  of  length  of  fiber  are  copied  from  the  score  cards  of  the  year 
the  sample  was  grown.    It  is  probable  that  the  length  was  somewhat  too  favor- 
ably estinmted  previous  to  190S,  the  earlier  practice  having  been  to  give  the 
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The  progeny  row  in  1908  from  selection  No.  382  was  remarkably 
uniform  in  the  characters  of  the  plants,  bolls,  and  fiber."  The  plants 
were  characterized  by  great  productiveness  and  by  a  habit  of  growth 
(PI.  I,  fig.  2)  that  distinguished  this  row  from  all  the  other  progeny 
rows  in  the  nursery.  They  had  a  tall,  stout  main  stem,  which  gen- 
erally greatly  surpassed  the  limbs  and  bore  an  exceptionally  large 
proportion  of  the  bolls.  The  bracts  of  the  involucre  were  very  large 
and  the  bolls  were  long  and  pointed.  The  seeds  were  generally  nearly 
smooth.  The  average  length  of  fiber  equaled  or  exceeded  that  of  any 
other  of  the  1908  progeny  rows,  and  the  length  throughout  the  row 
was  fairly  uniform.  The  seed  cotton  from  all  the  unselected  plants  in 
this  row  was  picked  and  ginned  together.  As  measured  by  Mr.  John 
A.  Walker,^  the  resulting  lint  ranged  from  IJ  to  1§  inches  in  the  first 
picking,  13  to  1^^  inches  in  the  second,  and  If^  to  IJ  inches  in  the 
third  picking.  Tn  respect  to  fineness,  Mr.  Walker  classed  the  lint 
from  the  first  two  pickings  as  "  fine  "  and  that  from  the  third  picking 
as  "  strictly  fine  and  silky."  He  found  the  strength  to  be  **  fair " 
in  the  first  picking  and  '*  extra  "  in  the  second  and  third,  but  in  all 
three  pickings  the  strength  was  slightly  uneven.  The  color  of  the 
lint  from  all  the  pickings  was  light  brown. 

Twenty  individual  selections  were  made  in  this  row,  and  the  seed 
cotton  from  each  was  carefully  compared.  Although  the  fil)er  was 
generally  of  high  quality,  there  was  much  diversity  among  the  differ- 
ent plants  and  even  on  the  same  plant,  especially  as  between  the 
first  and  the  third  pickings.  In  13  of  these  plants  the  fiber  had  the 
same  color  as  imported  samples  of  the  Jannovitch  variety  (see  foot- 
note 6,  p.  11),  in  4  plants  the  color  was  intermediate  between  Janno- 
vitch and  Kubari,  in  1  plant  the  fiber  was  nearly  as  brown  as  Nu- 
bari,  and  in  another  nearly  as  white  as  Abbasi.  The  maximum  length 
of  fiber  in  the  20  selections  ranged  from  1^^  to  l\i  inches,  in  1^ 
plants  the  length  did  not  fall  short  of  If  inches,  in  7  plants  none  of 
the  fiber  was  shorter  than  lyV  inches,  and  in  2  plants  the  niininuim 

fibers  a  decided  pull  in  straiphteninj?  tliem  out  before  ineastirin);  them.  During 
the  Inst  two  years  the  fibers  have  been  merely  smoothed  out,  without  applying 
tension.  It  is  therefore  probable  that  the  deterioration  of  the  progeny  of  many  of 
the  selections  which  is  indicated  by  length  of  the  fiber  shown  on  the  score  csird? 
is  apparent  rather  than  real.  It  is  believed  that  the  method  now  followed  givei* 
a  better  idea  of  the  length  as  usually  estimateti  commercially  on  samples  of 
ginned  cotton ;  error,  if  any  occurs,  is  in  the  direction  of  too  great  conservatism. 

"This  row  contained  only  4  per  cent  of  first-generation  E^ptian-Upland 
hybrids,  as  com[)ared  with  6  to  25  per  cent  in  eleven  other  rows  in  the  breeding 
nursery.  The  small  percentage  of  hybrids  in  row  382  indicates  a  high  degree 
of  prepotency  in  this  type. 

6  An  expert  grader  of  Egyptian  cotton,  employed  by  the  Bureau  of  Plant  In- 
dustry to  classify  the  lint  from  the  different  experimental  plantings  in  Arizona 
in  190S. 
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length  was  1^  inches.  The  variation  in  length  on  the  same  plant  was 
generally  considerable,  especially  as  between  the  first  and  the  third 
pickings.  The  fiber  was  uniformly  silky  and  very  fine,  especially  in 
the  later  pickings.  In  nearly  all  plants  the  strength  was  satisfactory, ' 
and  in  7  out  of  the  20  it  was  highly  so.  The  percentage  of  lint 
varied  considerably,  having  been  only  fairly  good  on  8  out  of  the  20 
plants,  while  on  the  other  12  it  was  more  satisfactory.  In  10  out  of 
the  20  selections  the  seeds  varied  from  nearly  smooth  to  partly  cov- 
ered with  fuzz,  in  5  they  were  nearly  smooth,  and  in  the  other  5 
they  varied  from  nearly  smooth  to  completely  fuzzy.  The  third  pick- 
ing almost  always  showed  a  higher  percentage  of  nearly  smooth  seeds 
than  did  the  first. 

BBEEOINO  EXPEBIMENTS  IN   1009. 

The  seed  from  14  of  these  selections  was  planted  in  1909  in  progeny 
rows,  8  at  Yuma  and  6  at  Sacaton.  When  inspected  by  Mr.  Argyle 
McLachlan  on  July  6,  there  was  considerable  diversity  in  3  of  the 
8  rows  at  Yuma,  although  the  foliage  type  (large,  thick,  dull-colored, 
generally  three-lobed  leaves)  was  fairly  uniform  in  all.  In  one  row 
no  evident  hybrids  were  found,  while  in  the  other  rows  2  to  6  per 
cent  of  the  plants  were  hybrids  and  were  rogued  out.  In  Septem- 
ber the  tendency  to  develop  a  stout  main  stem  greatly  overtopping  the 
limbs  was  found  to  be  much  less  pronounced  than  in  progeny  row 
No.  382  of  19.08.  The  plants  were  generally  productive  and  early 
ripening,  with  long  spreading  or  drooping  fruiting  branches  well  fur- 
nished with  bolls.  The  bracts  were  large,  the  bolls  large  and  taper 
pointed,  and  the  seeds  generally  partly  covered  with  fuzz.<»  The 
color  of  the  fiber  was  generally  about  that  of  imported  Jannovitch, 
but  was  frequently  a  deeper  shade  of  brown.  An  unfavorable  char- 
acter was  the  readiness  with  which  the  ripe  seed  cotton  dropped  from 
the  open  bolls,  a  peculiarity*  which  necessitates  frequent  picking. 
In  4  of  the  8  rows  at  Yuma  no  selections  were  made,  the  fiber  having 
been  uniformly  short.  In  fact,  none  of  the  rows  averaged  nearly  as 
good  in  length  of  fiber  as  did  the  progeny  row^  of  1908  in  which  their 
progenitors  were  selected. 

In  the  6  rows  at  Sacaton  the  plants  were  very  similar  in  habit, 
foliage,  shape  of  bolls,  productiveness,  early  ripening,  and  fiber  char- 
acters to  those  at  Yuma.  One  row  contained  no  recognizable  hybrids, 
but  from  each  of  the  other  rows  1  to  5  hvbrids  or  otherwise  aberrant 
individuals  were  rogued  out  on  August  3.  Two  of  these  rows  were 
later  discarded,  the  fiber  being  uniformly  too  short  to  warrant  making 
selections. 


<*Tliere  is  a  general  tendency  to  an  increased  development  of  fuzz  on  the  seeds 
Id  Egyptian  cotton  grown  for  several  generations  In  the  Sonthwest. 
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Individual  selections  of  the  Yuma  variety  were  made  in  1909  in  4 
of  the  progeny  rows  at  Yuma  and  in  4  of  the  rows  at  Sacaton,  the 
total  number  of  selections  being  16  at  Yuma  and  23  at  Sacaton.  In 
addition  to  these,  32  individual  selections  were  made  in  the  large  field 
planted  to  this  variety  at  Yuma,  which  is  described  in  the  following 
paragraphs.  The  seed  of  these  selected  plants  is  being  grown  in 
progeny  rows  at  Yuma  and  Sacaton  in  1910. 

FIELD  TEST  IN    1909. 

Seed  from  the  unselected  plants  in  progeny  row  No.  382,  grown  at 
Yuma  in  1908,  was  picked  together  and  was  used  in  1909  for  plant- 
ing a  field  of  4J  acres  in  the  Yuma  Valley.  The  soil  was  a  rather 
light  loam,  and  although  probably  as  uniform  as  could  be  found  in 
any  area  of  equal  size  in  that  locality,  there  was  sufficient  difference 
in  soil  texture  in  different  parts  of  the  field  to  cause  certain  spots  to 
dry  out  more  rapidly  after  irrigation.  The  plants  in  these  spots 
were  smaller,  the  leaves  smaller  and  lighter  c<ilored,  the  flowers 
openeil  earlier,  and  the  bolls  were  generally  smaller  and  opened 
earlier  than  elsewhere  in  the  field.  The  lint  was  also  generally 
shorter,  coarser,  and  weaker  on  the  plants  growing  in  these  spots. 

From  June  17  to  June  22  this  field  was  carefully  inspected  by  Mr. 
Argyle  McLachlan,  who  rogued  out  about  2  per  cent  of  the  total 
number  of  plants  as  being  hybrids  or  otherwise  conspicuously  aber- 
rant. On  July  24  the  field  was  again  carefully  examined  by  Mr. 
McLachlan  and  the  writer;  the  plants  then  appeared  remarkably 
uniform  in  branching  habit,  foliage,  and  other  characters.  Tpon 
closer  examination  about  one-half  of  1  per  cent  of  the  plants  were 
found  to  give  indications  of  hybrid  origin  or  were  otherwise  aberrant, 
and  these  were  removed.  As  the  result  of  these  two  roguings,  there- 
fore, not  more  than  2J  per  cent  of  the  entire  stand  of  plants  were 
found  to  be  appreciably  different  from  the  type  of  the  variety.  This 
indicates  a  very  satisfactory  degree  of  uniformity  and  also  a  high 
degree  of  prepotency,  since  the  progeny  row  of  1908,  which  furnished 
the  seed  for  planting  this  field,  was  situated  among  rows  of  verj 
different  types,  in  some  of  which  there  was  a  high  percentage  of 
hybrids  with  Upland  varieties.  (See  footnote  &,  p.  12.)  Such  diver- 
sity as  was  exhibited  later  in  the  season  by  the  plants  that  remained 
after  the  second  roguing  seemed  to  be  well  within  the  limits  of 
individual  fluctuation  in  a  "  pure  "  type. 

The  total  yield  from  this  field  of  4J  acres  was  7,390  pounds  of  seed 
cotton,  or  1,740  pounds  per  acre.  On  the  basis  of  an  average  lint 
percentage  of  27.5  «  this  is  equivalent  to  a  yield  of  slightly  above  475 
pounds  of  fiber  per  acre. 

<»  A  25-ponn(l  sample  of  s(hm1  cotton  from  the  first  pleklnf?  yielded  29  per  cent 
of  lint,  an  equal  weight  from  the  second  pickiug  30.4  per  cent,  and  an  85-pound 
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The  relatively  low  percentage  of  lint  given  by  the  acclimatized 
Egyptian  cotton  as  compared  with  the  percentages  reported  in  Egypt 
and  those  obtained  during  the  earlier  years  of  the  acclimatization 
i?irork  in  the  Southwest  is  largely  explained  by  an  observation  made 
by  Mr.  McLachlan,  who  finds  that  the  delinted  seeds  are  considerably 
larger  and  heavier  in  the  acclimatized  types  as  now  developed.    Mr. 
I^IcLachlan  found  that  imported  Mit  Afifi  seed  cotton  gave  a  lint 
percentage  of  33  to  35  and  that  the  delinted  seeds  weighed  only  10 
^ams  per  100.    The  acclimatized  Yuma  variety,  which  gave  only 
27.5  per  cent  of  lint,  had  seeds  weighing  13  grams  per  100.    If  the 
seeds  had  weighed  no  more  than  imported  Mit  Afifi  seeds  the  lint  per- 
centage of  the  Yuma  variety  would  have  been  33  (a  satisfactory  per- 
centage for  Egyptian  cotton)  instead  of  27.5.    Evidently,  therefore, 
no  actual  diminution  in  the  quantity  of  lint  on  the  individual  seeds 

has  taken  place  during  the  process  of  acclimatization. 

« 

CHARACTEBS    OF    THK    PLANTS    AND    FIBEB. 

The  distinctive  features  of  most  of  the  plants  in  this  field  were  the 
same  as  those  of  the  select  progeny  rows  of  the  Yuma  variety  as  pre- 
viously described.  The  plants  (PL  I,  fig.  2)  were  large  and  showed  a 
strong  tendency  to  develop  a  stout  main  stem  surpassing  the  limbs  in 
height  and  to  produce  and  retain  their  fruiting  branches  well  toward 
the  base  of  the  main  stem  and  larger  limbs.*  The  fruiting  branches 
were  long  and  spreading  or  drooping  and  bore  numerous  bolls.    The 

sample  from  the  third  picking  27.2  per  cent,  giving  an  average  for  the  three 
pickings  of  29  per  cent.  But  since  another  sample  of  50  i)ounds  of  seed  cotton 
made  up  of  equal  weights  from  each  of  the  three  pickings  yielded  only  26  per 
cent  of  lint  it  Is  deemed  fair  to  take  27.5  per  cent,  the  average  of  these  two 
results  (29  and  26),  as  the  closest  possible  approximation  to  the  average  lint 
percentage  for  the  entire  product  from  this  field,  very  little  of  the  total  having 
been  ginned  at  this  writing. 

«  Mr.  Argjie  McLachlan  early  In  the  summer  made  a  special  study  of  the 
plants  in  the  4-acre  field  with  respect  to  fruiting  branches.  lie  found  that  the 
iirst  fruiting  branch  was  developed  at  the  ninth  to  fourteenth  node  from  the 
base  of  the  stem  as  compared  with  the  thirteenth  to  seventeenth  node  in  a 
planting  of  imiwrted  seed  of  the  Mit  Afifi  variety.  On  thirty  representative 
plants  from  different  parts  of  the  field  the  average  lowest  node  at  which  a 
fmiting  branch  developed  was  the  tenth.  It  has  been  pointed  out  by  Mr.  Cook 
that  ability  to  develop  fruiting  branches  at  low  nodes  of  the  stem,  and  hence 
to  set  a  "  bottom  crop,*'  must  considerably  Increase  the  earliness  and  yield  of  a 
cotton  plant. 

The  type  of  plant  characteristic  of  the  Yuma  variety  is  described  In  Mr. 
McLachlan's  report  as  follows:  *' The  plants  are  6  to  8  feet  tall  with  a  leading 
main  stem,  5  or  6  vegetative  branches  nearly  as  long  as  the  axis  but  loaded 
with  fruit  and  consequently  spreading  at  an  angle  of  50  to  GO  degrees,  and  above 
tbem  on  the  axis  pendent  fruiting  branches — a  plant  of  symmetrical,  broad- 
spreading.  Inverted-kite  shape." 

SOOSO'*— Bui.  200—10 3 
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leaves  were  large,  comparatively  dull  green,  and  usually  three  lobed. 
Even  when  five  lobed  the  leaves  were  considerably  longer  than  broad, 
owing  to  the  great  length  of  the  middle  lobe.  The  bracts  of  the 
involucre  were  exceptionally  large  and  more  or  less  connate  at  the 
base,  and  the  bolls  were  long  and  taper. pointed  (PL  III).  The  bolls 
opened  early  and  completely  and  there  was  a  somewhat  marked 
tendency  to  drop  the  ripe  seed  cotton.  The  seeds  were  generally  large 
for  an  Egyptian  type  of  cotton  and  bore  a  greater  amount  of  fuzz 
than  is  usually  the  case  with  seed  of  Mit  Afifi  cotton  as  grown  in 
Egypt.  The  fiber  was  of  fair  length  (ranging  from  H  to  l^V  inches, 
averaging  probably  If ),  of  satisfactory  strength  and  fineness,  and  of 
a  pale-brown  color,  intermediate  between  that  of  the  Nubari  and  that 
of  the  Jannovitch  varieties,  as  represented  by  samples  imported  from 
Egypt.     (See  footnote  6,  p.  11.) 

The  strength  and  fineness  of  the  lint  were  tested  by  Mr.  L.  H. 
Dewey,  in  charge  of  Fiber  Inve^igations,  the  tests  having  been  made 
on  three  samples  of  the  bulk  cotton  from  unselected  plants  in  the 
general  field.  Two  of  the  samples  were  from  the  second  picking 
only,  while  the  third  sample  was  made  up  of  equal  parts  from  the 
first,  second,  and  third  pickings.  Fiber  ginned  from  the  mixed  seed 
cotton  of  the  unselected  plants  in  one  of  the  progeny  rows  of  this 
variety  at  Sacaton  was  also  tested.  The  results  of  the  tests  were  as 
follows : 

Table  I. — Strength  and  diameter  of  fiber  of  the  Yuma  variety  of  acclimatised 
Egyptian  cotton  grown  at  Yuma  and  at  Sacaton,  Ariz.,  in  1909. 


Sample. 


Breaking  strength. 


Average. 


Field  at  Yuma:  Grams. 

Second  picking  only i  ^ 

First  three  pickings,  equally  mixed -  ft.  5 

Progeny  row  at  Sacaton 7. 3 


Variation. 


Diameter. 


Average. 


Variation. 


Orams. 
4    -9.6 
4    -11 
4    -8.5 
4.5-11 


Microns. 
24 

24.5 
27 
25.3 


18-5-SO 
19    -SO 
22.5-3S.5 
22.5-3J.5 


PERFORM  A  NCE  OK  NE.\BLY  RELATED  TYPES. 


Tests  made  in  1909  of  two  other  types  (Nos.  380  and  384)  closely 
related  to  the  Yuma  variety  (No.  382)  are  of  interest  as  showing  the 
general  excellence  of  this  group.  Both  of  these  types  are  derived 
from  the  same  individual  selection  of  1906  which  was  the  progenitor 
of  the  Yuma  variety.  The  progenitor  of  each  was  an  individual 
selection  made  in  the  same  progeny  row  of  1907  in  which  plant  3S'2 
was  selected.  The  progenies  of  the  two  selections  of  1907  were 
grown  in  rows  in  the  breeding  nursery  at  Yuma  in  1908,  and  the 
bulk  seed  from  the  unselected  plants  in  each  of  these  rows  was  used 
for  the  phmtings  in  1909.     One  of  these  types  (No.  384)  was  planted 
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near  the  town  of  El  Centro,  in  the  Imperial  Valley,  California. 
The  plants  were  very  uniform  in  branching  habit  and  foliage  and 
showed  only  Egyptian  characters,  but  one  aberrant  individual  having 
been  found  among  the  fifty  or  more  plants  in  this  plat.  The  fiber 
iwi^as  long,  silky,  and  very  strong — the  best  fiber  of  the  Egyptian  type 
^produced  in  the  Imperial  Valley  in  1909.  The  other  type  (No.  380) 
was  planted  in  a  test  row  at  Yuma.  The  plants  throughout  the  row 
were  productive  and  had  long,  pointed  bolls  and  large  bracts  similar 
to  those  of  the  Yuma  variety.  The  seeds  were  generally  smooth ;  the 
fiber  averaged  If  inches  in  length  and  was  silky,  very  strong,  and 
light  colored. 

PROBABLE  MUTATI\'E  ORIGIN  OF  THE  YTJMA  VARIETY. 

The  "  Yuma  "  variety,  type  No.  382,  was  derived  from  imported 
seed  of  the  Mit  Afifi  Egyptian  variety.  Most  of  the  strains  which 
have  descended  from  the  same  original  lot  of  seed  are  still  typically 
Mit  Afifi  in  all  their  characters,  as  was  evident  from  comparison  with 
plants  grown  from  newly  imported  seed  of  that  variety  in  1908  and 
1909,  Nevertheless,  this  particular  type  now  shows  little  resem- 
blance to  the  parent  variety.  In  the  color  of  the  lint  it  resembles 
more  nearly  the  Jannovitch  variety.  It  is  especially  remarkable  for 
the  long,  taper-pointed  bolls  (PI.  Ill),  which  are  much  like  those 
of  the  Abbasi  variety  and  are  in  marked  contrast  to  the  short,  blunt 
bolls  of  typical  Mit  Afifi  (PL  II).  The  manner  of  growth  of  the 
plants,  the  characters  of  the  foliage,  and  the  large  involucre  bracts 
are  also  diagnostic.  The  vegetative  characters  and  the  peculiarities 
of  the  seed  and  fiber  have  recurred  with  conspicuous  regularity 
wherever  seed  of  this  variety  or  of  nearly  related  types  has  been 
planted.  The  distinctiveness  of  the  characters  and  their  remark- 
able uniformity  indicate  that  the  variety  originated  as  a  mutation.* 
The  history  of  such  Egyptian  varieties  as  Abbasi  and  Jannovitch, 
which  are  reported  in  Egypt  to  have  developed  from  the  widely 
grown  and  older  Mit  Afifi  variety,  makes  it  altogether  probable  that 

«  The  pecuHar  branching  habit  and  foliage  of  the  plants  were  not  especially 
noticed  until  1908,  when  progeny  row  No.  382  was  observed  to  stand  out  very 
distinctively  from  all  other  rows  in  the  breeding  nursery.  Yet  the  large  size 
of  the  bolls  was  noted  as  early  as  1906  In  the  individual  selection  of  that  year, 
from  which  this  variety  is  descended. ,  This,  together  with  the  close  resem- 
blance in  the  characters  of  the  related  type  No.  380  (descended  from  the  same 
individual  selection  of  1906  which  was  the  progenitor  of  the  Yuma  variety), 
indicates  that  the  mutation  occurred  at  least  as  long  ago  as  1906.  The  incom- 
pleteness of  the  records  for  the  earlier  years  of  this  breeding  work  makes  It 
impossible  to  determine  whether  the  actual  mutation  occurred  earlier  than  1906. 
It  is  possible,  although  not  probable,  that  it  was  present  as  an  admixture  in 
the  Mit  Afifi  seed  imported  from  Egypt  with  which  the  work  was  begun  in  1902. 
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they  originated  as  mutations  from  that  variety  in  the  same  manner 
as  the  Yuma  variety  in  this  country. 

THE  SOMERTON  VARIETY. 

Type  No.  370,  here  designated  the  "  Somerton  "  variety,  is  remark- 
able for  the  sharply  defined  characters  of  the  plants  and  bolls,  and  is 
like  the  Yuma  variety  in  the  great  uniformity  manifested  in  these  re- 
spects. It  has  not  yet  been  adequately  tested  on  a  field  scale,  but  the 
progeny  rows  grown  at  Yuma  and  at  Sacaton  in  1909  showed  it  to 
be  a  very  distinct  and  definite  type.  It  is  being  tested  in  field  plant- 
ings in  1910  in  comparison  with  the  Yuma  variety. 

HISTORY  OF  THE  VABIETT  PREVIOUS  TO   1900. 

The  ancestry  of  the  Somerton  variety  was  similar  to  that  of  the 
preceding  down  to  the  year  1905,  when  the  individual  plant  selection 
from  which  the  Somerton  variety  is  derived  was  made  in  the  breeding 
nursery  at  Carlsbad,  X.  Mex.  This  plant  was  fairly  productive  and 
very  early  ripening  and  had  small  bolls  and  smooth  seeds  well  covered 
with  lint  (percentage,  33).  The  fiber  was  fairly  uniform  in  length, 
with  an  average  of  fully  1^  inches;  it  was  brown  in  color,  strong, 
and  very  fine.  In  the  1906  progeny  row  at  Yuma  planted  with  sedl 
grown  from  this  plant,  the  selected  individual  which  was  the  progeni- 
tor of  the  Somerton  variety  was  a  small,  fairly  well-shaped,  very 
productive,  and  early-ripening  plant  which  had  medium-sized  bolls 
and  smooth  seeds  well  furnished  with  lint  (percentage,  30.5).  The 
fiber  was  li  inches  long,  very  uniform,  light  brown  in  color,  strong, 
and  very  fine.  The  1907  progeny  row  from  this  plant  was  charac- 
terized by  exceptionally  early  ripening.  One  of  the  individual  selec- 
tions made  in  this  row,  No.  370,  was  the  immediate  progenitor  of 
the  variety.  It  was  an  extremely  productive  plant,  but  the  per- 
centage of  lint  was  only  26.5.  The  bolls  were  large*"  and  the  fiber 
was  more  than  IJ  inches  in  length,  uniform,  fine,  fairly  strong,  and 
cream  colored. 

Progeny  row  Xo.  370  contained  in  1908  only  1.5  per  cent  of 
hybrids,  a  remarkably  small  proportion  as  compared  with  most  of 
the  other  rows  in  the  breeding  nursery  that  year.  (See  footnote  6, 
page  12.)  The  plants  in  this  row  were  large  and  very  productive, 
with  a  well-developed  main  stem  surpassing  the  longest  of  the  limbs 
The  latter  were  spreading  or  ascending.     The  bolls  were  large  and 

"  It  will  be  noted  that  while  the  1905  selection  had  small  bolls  aud  the  1906 
plant  only  medium-sized  bolls,  the  1907  progenitor  of  this  variety  had  large 
bolls.  While  the  bolls  were  increasing  in  size  from  year  to  year,  the  percentage 
of  lint  was  diminishing  from  33  per  cent  in  1005  to  30.5  per  cent  in  1906  and 
26.5  in  1907.  (In  regard  to  the  decreased  lint  percentage,  see  p.  17.) 
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remarkably  sharp  pointed.  The  seed  cotton  from  the  unselected 
plants  in  this  row  was  picked  and  ginned  together.  The  resulting 
lint  was  light  brown  in  color;  that  from  the  first  two  pickings  was 
classed  by  Mr.  John  A.  Walker  as  "  fine  and  strong ''  and  that  from 
the  third  as  "  strictly  fine,  silky,  and  extra  strong."  In  length  of 
fiber  the  first  picking  averaged  1§  inches,  the  second  ranged  from 
If  to  liV  inches,  and  the  third  picking  ranged  from  1^^^  to  li  inches. 
The  excellent  luster  of  the  fiber  in  this  row  was  noted  in  the  field. 

The  seed  cotton  from  the  ten  individual  selections  of  1908  was 
carefully  compared.  In  seven  of  these  the  fiber  was  a  little  lighter 
colored  than  imported  Xubari  cotton,  in  two  the  fiber  was  slightly 
darker  than  imported  Jannovitch,  and  in  one  the  fiber  was  the  same 
color  as  Jannovitch.  The  extreme  range  of  length  among  these  ten 
selections  was  from  IJ  to  1|  inches,  but  the  fiber  was  generally  at 
least  IxV  inches  long.  The  average  strength  was  inferior  to  that  of 
the  selections  from  most  of  the  other  progeny  rows  of  1908.  The 
general  appearance  of  the  fiber  was  very  similar  in  the  ten  selections 
and  indicated  a  distinct  and  uniform  type.  There  was  a  strong 
tendency  to  smooth  seeds. 

EXPEBIMENTS  IN    1900. 

Eight  of  the  selections  from  progeny  row  No.  370  of  1908  were 
grown  in  progeny  rows  in  1909,  six  at  Yuma  and  two  at  Sacaton. 
The  rows  at  Yuma  when  inspected  by  Mr.  McLachlan  on  July  6 
showed  a  higher  degree  of  uniformity  and  a  more  distinctive  type  of 
plant  than  anj-  other  group  of  progeny  rows  in  the  breeding  nursery. 
Only  two  of  the  rows  showed  any  trace  of  contamination;  one  con- 
tained a  single  probable  hybrid  and  another  had  two  suspicious- 
looking  plants.  The  plants  were  bushy,  large  in  diameter,  with  five 
to  eight  limbs  nearly  as  long  as  the  main  stem,  the  internodes  of  which 
were  unusually  short.  The  leaves  wore  exceptionally  large  and  were 
usually  broader  than  long.  They  were  five  lobed.  with  deep  clefts 
between  the  lobes.<»  On  July  23,  when  first  inspected  by  the  writer, 
the  plants  in  all  the  rows  had  an  exceptionally  vigorous  appearance 
and  were  distinguished  by  the  unusually  bright  green  color  of  the 
foliage.  The  two  progeny  rows  at  Sacaton,  inspected  August  3, 
showed  the  same  type  of  plant  and  the  same  high  degree  of  uni- 
formitv  as  the  rows  at  Yuma.  There  were  no  obvious  hvbrids  and 
only  one  suspicions-looking  individual  in  each  row. 

On  September  23  the  plants  in  the  six  rows  at  Yuma  had  grown 
very  large  and  were  ripening  late.  The  fruiting  branches  were  set 
well  toward  the  base  of  the  plant  and  were  well  furnished  with  bolls. 

«A  somewhat  similar  habit  and  type  of  follnpe  dm  meter  Ized  the  plants  grown 
at  Yuma  In  1909  from  Imported  seed  of  the  Nubari  variety. 
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The  seeds  were  generally  smooth  and  rather  poorly  furnished  w^ith 
lint."  Individual  selections  were  finally  made  in  only  two  of  the 
rows,  the  fiber  in  the  other  rows  being  too  scanty  and  also  inferiot 
in  length.  Numerous  selections  were  made  in  the  two  rows  at  Saca- 
ton,  in  both  of  which  the  plants  were  characterized  by  high  average 
fertility.  The  total  number  of  individual  selections  of  the  Soaiertan 
variety  made  in  1909  was  twelve  at  Yuma  and  eighteen  at  Sacaton. 

The  seed  cotton  from  all  of  the  unselected  plants  in  one  of  th« 
progeny  rows  at  Sacaton  was  picked  and  ginned  together.  The  lint 
was  light  brown,  corresponding  in  color  with  imported  fiber  of  the 
Nubari  variety.  The  strength  and  diameter  of  the  fiber  were  tested 
by  Mr.  L.  H.  Dewey,  who  reported  the  average  breaking  strength  as 
r>.8  grams  (variation  3.G  to  11.5  grams)  and  the  average  diameter  as  23 
microns  (variation  18.7  to  30  microns).  This  diameter  indicates  a 
finer  fiber  than  is  shown  by  the  fiber  tests  of  the  Yuma  variety  as 
reported  in  Table  I  (p.  18). 

Seed  from  the  unselected  plants  in  progeny  row  No.  370  of  1908 
was  planted  in  1909  at  Yuma,  Ariz.,  and  at  Brawley,  in  the  Im- 
perial Valley,  California.  In  the  small  planting  at  Yuma  the  plants 
were  of  good  average  fertility,  with  generally  large  bolls  and  smooth 
seeds.  The  fiber  was  satisfactorj^  in  length,  reaching  1|  inches  on 
many  plants  and  falling  below  IJ  inches  on  hardly  any.  It  was  of 
good  strength  and  medium  fineness.  In  the  1-acre  field  planted  with 
this  seed  at  Brawley  the  plants  were  very  uniform  in  appearance^ 
and,  with  the  exception  of  four  hybrid  individuals,  showed  only 
pure  Egyptian  characters.  The  fruiting  branches,  which  were  well 
furnished  with  bolls,  were  developed  at  low  nodes  on  the  stem.  The 
bolls  were  large. 

CHARACTERS  OF  THE  PLANTS  AND  FIBJCR. 

The  Somerton  variety  as  exemplified  in  the  progeny  rows  at 
Yuma  and  Sacaton  in  1909  is  characterized  by  a  great  spread  of 
branches,  numerous  long  limbs,  and  long  fruiting  branches  which 
are  developed  well  toward  the  base  of  the  plant  and  bear  numerous 
bolls.  The  plants  at  about  the  time  they  begin  to  blossom  have  a 
symmetrical,  rounded,  bushy  appearance  and  are  exceedingly  leafy. 
The  large  leaves  are  of  a  brighter  green  color  and  of  softer  texture  than 
in  the  Yuma  varietv.  Thev  are  usuallv  five  lobed  and  broader  than 
long,  while  in  the  Yuma  variety  they  are  generally  three  lobed  and 
considerably  longer  than  broad.     The  bolls  (PI.  IV),  which  resemble 

®The  average  percentage  of  lint  obtained  by  ginning  the  seed  cotton  from  the 
thirty  individual  selections  of  the  Somerton  variety  made  at  Yuma  and  Sacaton 
was  25.1  per  cent,  as  compared  with  20.7  per  cent  for  the  thirty-nine  Individual 
selections  of  the  Ynnia  variety  and  29.9  per  cent  for  the  eight  selections  of 
strains  Nos.  800  and  302. 
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hose  of  the  Abbasi  Egyptian  variety,  are  long  and  taper  to  an  ex- 
remely  sharp  point,  sharper  than  in  the  Yuma  variety.  The  seeds 
lave  a  strong  tendency  to  be  smooth  and  are  frequently  devoid  of 
>ven  the  tuft  of  green  or  brown  fuzz  at  each  end  which  characterizes 
iie  seeds  of  the  Mit  Afifi  variety  in  Egypt,  while  in  the  Yuma  variety 
Jie  sides  of  the  seeds  are  usually  partly  covered  with  fuzz.  The  lint 
is  very  fine,  but  its  percentage  is  less  than  in  the  Yuma  variety.  In 
color  it  is  usually  darker,  varying  from  that  of  the  Jannovitch  to 
that  of  the  Nubari  variety.  It  shows  about  the  same  range  of  length 
as  that  of  the  Yuma  variety. 

PERFORMANCE  OF  A  NEARLY  RELATED  TYPE. 

Seed  from  another  individual  selection  from  the  same  progeny 
row  of  1907  in  which  plant  No.  370  was  selected  was  grown  at  Yuma 
in  1908.     Seed  from  all  the  unselected  plants  in  the  1908  row  was 
picked  together  and  was  used  for  planting  a  small  plat  in  the  neigh- 
borhood of  Los  Angeles,  Cal.,  in  1909,  alongside  a  similar  planting 
of  imported  seed  of  the  Mit  Afifi  variety.**    The  plants  made  only  a 
small  growth,  produced  comparatively  few  bolls,  and  ripened  very 
late.     On  September  13,  when  none  of  the  bolls  had  yet  opened,  no 
difference  could  be  detected  between  the  plants  from  the  acclimatized 
and  those  from  the  imported  seed,  but  in  the  quality  of  the  fiber  pro- 
duced, the  acclimatized  ultimately  proved  very  superior.     The  fiber 
was  fine  and  silky  and  excelled  in  strength  any  other  cotton  of  the 
Egyptian  type  grown  in  the  Southwest  in  1909.     The  average  break- 
ing strength,  as  reported  by  Mr.  L.  H.  Dewey,  was  8  grams  (varia- 
tion from  4  to  12  grams) ,  and  the  average  diameter  25  microns.    As 
compared  with  this  the  fil)er  produced  by  the  plants  from  the  newly 
imported  Mit  Afifi  seed  in  the  same  field  was  decidedly  weaker  and 
coarser,  its  average  breaking  strength  being  0.8  grams   (variation 
from  4  to  14,8  grams)  and  its  average  diameter  being  30.6  microns. 

PROBABLE   MUTATIVE   ORIGIN   OF   THE   SOMERTON   VARII-rrV. 

Like  the  Yuma  varietv  the  Somerton  varietv  is  verv  distinct  from 
the  Mit  Afifi  stock  with  which  this  breeding  work  was  begun  and 
shows  a  high  degree  of  prepotency,  as  evidenced  by  the  remarkable 
uniformity  which  it  has  maintained  notwithstanding  abundant  op- 
portunities for  crossing  with  other  types.     These  facts  give  good 

"This  planting  near  Los  Angeles,  under  the  direction  of  Mr.  O.  F.  Cook,  was 
made  to  ascertain  the  effect  of  very  different  climatic  conditions  upon  the  habit 
of  the  plants  and  upon  the  expression  of  diversity  in  a  stoclv  that  had  been 
acclimatized  in  the  Colorado  River  region  as  coniparetl  with  newly  imported 
seed.  It  was  realized,  of  course,  that  the  conditions  in  that  part  of  California 
are  not  favorable  to  cotton  culture  on  a  commercial  scale. 
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ground  for  the  belief  that  it  has  originated  as  a  mutation.  It  is  pos- 
sible that  the  mutation  occurred  in  1907,  since  the  breeding  records 
show  that  the  1905  ancestor  of  the  strain  had  small  bolls  and  the  190^ 
ancestor  medium-sized  bolls.  The  1907  progenitor,  which  was  the 
first  recorded  as  having  large  bolls,  may  well  have  been  the  original 
mutant,  but  unfortunately  no  detailed  description  was  made  of  the 
vegetative  characters  of  this  plant.  The  plants  of  a  nearly  related 
type  grown  near  Los  Angeles  (p.  23)  were  so  unlike  those  in  any 
planting  of  Egyptian  types  of  cotton  that  has  been  made  in  the 
Colorado  River  region,®  that  it  was  impossible  to  decide  whether  this 
stock  shares  the  vegetative  characters  of  the  Somerton  variety.  If  it 
had  been  grown  under  similar  conditions  and  had  exhibited  the  same 
characteristics,  ample  evidence  would  have  been  afforded  that  the 
mutation  must  have  occurred  at  least  as  early  as  1906. 

,  STRAINS  NOS.  360,  861,  AND  362. 

ORIGIN    OF   THE    GROUP. 

The  group  of  strains  Xos.  360, 361,  and  362,  like  the  Yuma  and  Som- 
erton varieties,  was  derived  from  an  individual  selection  made  at 
Carlsbad,  N.  Mex.,  in  1905,  in  a  part  of  the  breeding  nursery  where 
the  numbers  of  the  progeny  rows  had  been  lost.  The  ancestry  of 
the  group  previous  to  1905  is  therefore  unrecorded  except  that  each 
strain  was  derived  from  the  same  lot  of  imported  Mit  Afifi  seed 
used  in  beginning  the  breeding  work  in  1902,  from  which  all  the 
varieties  and  strains  described  in  this  paper  originated.  An  indi- 
vidual selection  in  the  progeny  row  from  the  Carlsbad  plant  grown 
ut  Yuma  in  1906  is  the  common  ancestor  of  this  group  of  strains^ 
The  plants  representing  the  progeny  of  the  individual  selected  in  1906, 
grown  in  a  row  at  Yuma  in  1907,  were  noted  as  being  uniformlj^  ex- 
cellent. Three  individual  selections  of  that  vear,  numbered  as  above, 
are  the  direct  progenitors  of  the  three  corresponding  strains. 

STRAIN  NO.  3 GO. 

Selection  Xo.  860  of  1907  was  characterized  by  a  satisfactory  per- 
centage of  lint  (30  per  cent)  and  by  fiber  that  was  fully  \\  inches 
long,  uniform  in  length,  fine,  and  of  a  good  brown  color,  but 
rather  inferior  in  strength.  The  1908  progeny  row  from  this  plant 
contained  about  11  per  cent  of  hybrids.    The  remaining  plants  were 

''The  plants  j^rown  near  Ix)s  Anpeles,  both  from  the  acolinmtisKed  strain 
and  from  imported  Mit  Atifl  seed,  were  small,  and  they  had  few  and  short 
linil)s;  they  were  conspicnonsly  hairy  and  had  a  great  deal  of  red  color  in  the 
stems  and  involucres.  The  bracts  were  broad,  cordate,  and  deeply  toothed. 
The  csilyx  was  distinctly  toothed,  a  character  usually  peculiar  to  l^pland  as 
distinj^nislied  from  Egyptian  types.  The  stigmas  were  exceptionally  short 
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uniform  and  were  typically  Mit  Afifi  in  their  characters.    They  were 
productive,  ripened  early,  and  produced  fiber  that  was  distinctly 
brown  in  color.    The  seed  cotton  from  the  unselected  plants  in  this 
row    was  picked   and  ginned  together.     The  lint  had   an  average 
length  of  If  inches  in  the  first  picking  and  ranged  from  If  to  IJ 
inches  in  the  second  picking.     The  strength  and  color  were  very 
satisfactory  in  both  pickings.    Three  individual  selections  were  made 
in  this  row,  and  the  seed  was  planted  in  progeny  rows  in  1909,  two 
at  Yuma  and  one  at  Sacaton.    When  examined  Julv  6  one  of  the 
rows  at  Yuma  contained  two  and  the  other  four  unmistakable  hybrid 
individuals,  and  there  was  considerable  diversity  among  the  remain- 
ing plants.    The  row  at  Sacaton,  inspected  August  3,  contained  no 
obvious  hybrids,  but  the  plants  were  generally  infertile,  and  the 
row .  was  discarded.     In  September  one  of  the  rows  at  Yuma  was 
decidedly  inferior  in  the  average  length,  strength,  and  fineness  of 
the  fiber,  and  no  selections  were  made ;  only  one  individual  selection 
was  made  in  the  other  row  at  Yuma. 

The  seed  cotton  from  the  unselected  plants  in  progeny  row  No.  360 
of  1908  was  picked  and  ginned  together  and  the  seed  was  planted  at 
Holtville,  in  the  Imperial  Valley,  California,  in  1909.  The  soil  was 
very  sandy  and  the  seed  was  planted  late,  consequently  the  yield  was 
small.  Nevertheless,  many  of  the  plants  showed  a  strong  tendency  to 
produce  a  "  bottom  crop,"  developing  fruiting  branches  at  low  nodes 
on  the  stem.  On  a  good  percentage  of  the  plants  the  fiber  was  satis- 
factory in  length  and  strength.  There  was  considerable  diversity  in 
the  appearance  and  vegetative  characters  of  the  plants,  and  a  large 
number  of  hybrids  and  otherwise  aberrant  plants  were  removed  at  the 
end  of  Julv. 

STRAIN    NO.    301. 

History. — Individual  selection  No.  3G1  of  1007  was  a  much  more 
productive  plant  than  No.  3()0,  but  otherwise  greatly  resembled  it. 
The  seeds  were  abundantly  furnished  with  lint,  the  percentage  being 
32.  The  fiber  had  all  the  characters  of  a  good  Mit  Afifi  and  was  very 
fine,  strong,  and  of  a  good  brown  color.  The  length  exceeded  IJ 
inches  and  was  very  uniform.  In  1908  the  progeny  row  from  this 
plant  contained  about  6  per  cent  of  hybrids.  It  was  one  of  the  most 
uniformly  fruitful  and  early-ripening  rows  in  the  breeding  nursery. 
The  fiber  was  of  typical  Mit  Afifi  character,  and  was  highly  satisfac- 
tory in  fineness,  color,  and  length,  although  the  uniformity  of  length 
was  somewhat  disappointing.  The  percentage  of  lint  was  good.  All 
seed  from  the  unselected  plants  in  this  row  was  picked  and  ginned 
together.  Mr.  John  A.  Walker  reported  on  the  lint  from  the  first 
picking  that  it  has  a  "distinctly  brown  color,even  throughout,  showing 
very  little  white,  giving  it  a  greater  resemblance  to  regular  Egyptian 
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GENERAL  CHARACTEBIBTICS  OF  STRAINS  NOS.   360,   »61,  AND   3G2. 

The  plants  of  strains  Nos.  360,  361,  and  362  grown  in  progeny 
rows  at  Yuma  in  1909  had  an  open  habit  (PL  I,  fig.  1)  with  a  few 
long,  upright,  slender  limbs  nearly  equaling  the  main  stem  in  length; 
the  fruiting  branches  were  long  and  slender,  bearing  comparatively 
few  bolls,  and  generally  had  a  very  long  basal  internode ;  «  the  foliage 
rather  sparse;  the  bolls  short,  rounded,  and  with  a  blunt  tip  (typical 
Mit  Afifi  bolls,  see  PL  II) ;  the  seeds  smooth  or  partly  covered  with 
fuzz;  and  the  fiber  generally  short  and  strong,  fine,  and  nearlv  as 
brown  in  color  as  imported  Mit  Afifi  fiber.  The  percentage  of  lint 
was  much  higher  than  in  the  Yuma  and  Somerton  varieties,  25  pounds 
of  seed  cotton  from  the  "  bulk  selections  "  in  the  3-acre  field  of  strain 
361  having  yielded  31.6  per  cent  of  lint.^ 

These  strains  constitute  a  uniform  type  which  shows  no  marked 
departure  from  typical  Mit  Afifi  cotton  as  grown  in  Arizona  from 
imported  seed,  except  that  the  plants  are  more  productive  and 
develop  fruiting  branches  at  lower  nodes  on  the  stem,  open  their  bolLs 
earlier,  and  produce  lint  of  better  quality.  The  high  degree  of  uni- 
formity exhibited  by  the  plants  in  the  3-acre  field  of  strain  361  at 
Yuma  in  1909  indicates  a  considerable  degree  of  prepotency,  since 
the  progeny  row  which  produced  this  seed  in  1908  was  situated  in 
the  breeding  nursery  among  other  rows  of  very  different  type,  most 
of  which  contained  numerous  mybrids  (footnote  6,  p.  12). 

IMFOBTED  SEED  OF  EGYPTIAN  VABIETIES  TESTED  IN  1909. 

As  a  check  on  the  progress  of  the  acclimatization  and  selection  and 
in  order  to  compare  the  amount  and  kinds  of  diversity  shown  by  the 
plants  from  newly  imported  seed  with  that  of  the  acclimatized  and 
selected  stocks,  seed  of  the  six  leading  Egyptian  varieties  (Mit  Afifi, 
Nubari,  Jannovitch,  Ashmuni,  Abbasi,  and  Sultani)  was  planted  in 
alternate  rows  in  the  Yuma  Valley  and  at  Sacaton,  Ariz.  Larger 
plantings  (one-half  acre  to  1  acre)  of  the  first  four  varieties  were 
also  made  in  the  Yuma  Valley.     A  plat  of  imported  Mit  Afifi  was 

<*Th!s  rather  undesirable  branching  habit  does  not  appear  to  be  inherent  in 
these  strains,  but  seems  to  be  due  mainly  to  the  unfavorable  situation  of  these 
particular  rows,  which  suffered  several  times  during  the  season  from  lack  of 
moisture  on  account  of  the  competition  of  a  neighboring  row  of  trees.  In  the 
row  which  had  the  most  favorable  moisture  conditions  the  plants  were  much 
more  productive,  with  fruiting  branches  develoi>ed  well  toward  the  base  and 
usually  bearing  five  or  six  bolls  each.  In  this  row  the  bolls  were  larger  than 
in  the  others. 

^  Mr.  Argyle  McLachlan  found  that  100  dellnted  seeds  of  strain  361  weighed 

11.75  grams,  while  the  same  number  of  seeds  from  a  sample  of  imported  Mit 

Afifi  weighed  only  10  grams.     If  the  seeds  weighed  no  more  than  the  imported 

(see  p.  17),  the  lint  percentage  of  strain  361  would  therefore  have  l>een  35.3 

istead  of  31.6. 
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also  grown  alongside  a  planting  of  a  select  acclimatized  stock  derived 
from  the  same  variety  at  Glendale,  near  Los  Angeles,  Cal.  (See 
p.  23.) 

The  imported  varieties  differed  widely  in  the  amount  of  diversity 
shown,  this  being  least  in  the  Mit  Afifi  and  Nubari  varieties  and 
greatest  in  Ashmuni.  The  Mit  Afifi  and  Nubari  varieties  showed  a 
high  degree  of  uniformity,  indicating  that  the  seed  received  from 
Egypt  was  the  result  of  careful  selection  in  that  country.  The  Mit 
Afifi,  as  in  all  previous  plantings  of  imported  seed  of  that  variety, 
at  all  places  where  the  comparative  plantings  were  made,  showed 
itself  very  inferior  to  the  acclimatized  and  selected  stocks  in  yield, 
earliness,  and  quality  of  the  fiber.  On  the  other  hand,  the  Nubari, 
although  by  no  means  equaling  the  improved  strains  which  have 
resulted  from  several  years  of  acclimatization  and  selection  in  the 
Southwest,  was  decidedly  superior  in  all  these  respects  to  any  other 
planting  of  newly  imported  seed  which  has  been  made*  in  that  region. 
The  yield  from  one-half  acre  of  this  variety  was  514  pounds  of  seed 
cotton,  which  was  equivalent  to  290  pounds  of  lint  per  acre,  the  per- 
centage of  lint  being  28.1. 

MISCELI«ANEOnS   EXFEBIMENTS    IN    1909. 

In  addition  to  the  plant-breeding  experiments  and  the  field  tests 
of  acclimatized  and  imported  stocks,  a  number  of  other  experimental 
plantings  were  made  near  Yuma,  Ariz. 

Progeny  of  first-generation  hybrids. — ^Progeny  rows  of  several  first- 
generation  Upland-Egyptian  hybrids  selected  in  the  breeding  nurs- 
ery of  1908  (see  footnote  ft,  p.  12)  were  grown.  It  was  observed  in 
1908  that  these  first-generation  hybrids,  when  compared  with  the 
pure  Egyptian  plants  in  the  rows  in  which  they  occurred,  were  very 
superior  in  fruitfulness,  size  of  bolls,  and  in  the  abundance,  length, 
and  strength  of  the  fiber.  The  progenies  of  the  different  individuals 
in  1909  showed  considerable  difference  in  the  amount  of  diversity  and 
in  the  degree  in  which  the  characters  of  the  Egyptian  or  of  the 
Upland  parent  predominated.  None  of  the  plants  in  any  of  the  rows 
came  near  equaling  the  parent  selections  in  productiveness  or  in  the 
quality  of  the  fiber.  Some  of  the  first-generation  hybrid  parents  had 
very  smooth  seeds  and  others  had  completely  fuzzy  seeds.  As  a  rule, 
the  progenies  in  1909  showed  no  uniformity  in  their  inheritance  of 
this  character ;  many  fuzzy-seeded  offspring  were  from  smooth-seeded 
parents,  and  vice  versa.  An  examination  of  these  hybrid  progeny 
rows  gave  no  indication  of  the  likelihood  that  a  superior  strain  could 
be  developed  by  this  method,  and  no  selections  were  made  in  the 
second  generation. 

Production  of  first- generation  hybrids. — Under  the  direction  of 
Mr.  O.  F.  Cook,  Egyptian  cotton  was  planted  in  rows  alternating 
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with  various  Upland  varieties  in  order  to  test  the  possibility  of  secur- 
ing in  this  manner  a  stock  of  first-generation  hybrid  seed  for  com- 
mercial planting.*  The  early  flowering  of  most  of  the  Upland  varie- 
ties, as  compared  with  the  Egyptian,  indicated  that  to  use  this 
method  successfully  it  might  be  necessary  to  select  a  late-flowering 
Upland  variety  for  the  alternate  plantings  or  else  to  plant  the  Up- 
land cotton  later  than  the  Egyptian. 

Seed  selection. — Another  experiment,  carried  on  by  Mr.  Argyle 
McLachlan,  was  the  planting  in  separate  rows  of  the  different  types 
of  seed  selected  from  various  imported  and  acclimatized  lots,  in 
order  to  determine  the  possible  advantage  of  sorting  by  hand  cot- 
ton seed  that  has  become  mixed  by  hybridization,  and  thus  to  elimi- 
nate aberrant  types  before  planting,  thereby  gaining  greater  uni- 
formity in  the  crop  and  reducing  the  opportunity  for  further  crossing. 

Different  dates  of  planting, — Row  plantings  of  a  single  acclima- 
tized stock  were  made  on  successive  dates  throughout  the  spring  in 
order  to  compare  the  effect  of  early  with  that  of  late  planting  under 
otherwise  uniform  conditions  upon  the  fruitfulness  and  lint  quali- 
ties of  the  plants,  and  to  ascertain  the  best  time  for  putting  in  the 
seed.  For  various  reasons  this  experiment  gave.no  conclusive  results, 
but  the  matter  is  an  important  one  and  will  be  made  the  subject  of 
further  experimentation.  All  the  evidence  so  far  obtained  points  to 
the  advantage  of  planting  Egyptian  cotton  in  the  CSolorado  River 
region  as  early  in  the  spring  as  the  weather  will  permit. 

Seed  from  different  pickings, — Seed  from  the  different  pickings  of 
several  of  the  acclimatized  stocks  was  planted  in  rows  in  order  to 
determine  if  possible  whether  the  early  or  the  late  ripened  seed  is 
the  most  desirable  for  planting.  Only  negative  results  were  ob- 
tained, none  of  the  three  pickings  appearing  to  give  generally  better 
results  than  either  of  the  others,  but  it  is  not  considered  that  this 
problem  has  been  finally  solved. 

Irrigation, — The  conditions  in  1909  with  regard  to  the  supply  of 
water  for  irrigation  were  so  imfavorable  that  no  special  experiments 
could  be  carried  out  to  determine  the  best  method  of  irrigating  Egyp- 
tian cotton.  There  is  no  question  that  the  yield,  uniformity,  and 
quality  of  the  fiber,  especially  in  respect  to  length  and  strength, 
(lopond  in  a  high  degree  upon  the  manner  in  which  the  plants  are 
irrigated.  This  is  considered  the  most  important  cultural  problem 
remaining  to  be  solved  in  connection  with  the  production  of  this  crop 
in  the  Sont Invest. 


"In  a  paper  (MitilliHl  "Suppressed  and  Intensified  Characters  in  Cotton 
Hybrids,"  Hnlletin  147,  Hnreau  of  Plant  Industry,  United  States  Deiiartmeot 
of  A^ricnltnre,  pp.  ir>-1().  Mr.  Cook  calls  attention  to  tlie  possible  eonimeirial 
utnization  of  the  superior  qualities  of  flrst-generation  hybrids  of  Egyptian  with 

rpland  cotton. 
200 


COMMEECIAL  STATUS  OF  EGYPTIAN   COTTON. 


31 


PRESENT   COMMEBCIAL   STATUS   OF   EOTPTIAK   COTTON   IN   THE 

UNITED  STATES. 

During  the  latter  part  of  1909  and  the  early  months  of  1910  all  types 
of  cotton  commanded  unusually  high  prices.  The  condition  of  the 
long-staple  cotton  market  was  especially  abnormal  owing  to  the  opera- 
tion of  a  number  of  independent  causes.  The  advance  of  the  boll  weevil 
in  the  cotton  belt  of  the  South  has  led  to  a  feeling  of  uncertainty  in  the 
localities  which  furnish  the  bulk  of  our  supply  of  long-staple  Upland 
cotton.  Furthermore,  the  1909  crop  in  Egypt  was  an  exceptionally 
small  one,  and  from  all  reports  the  quality  of  the  fiber  was  unusually 
poor.  Various  explanations  are  offered  for  the  disquieting  state  of 
affairs  that  exists  in  Egypt.  It  is  widely  believed  that  the  construction 
of  the  great  dam  at  Assuan,  in  upper  Egypt,  and  of  "  high  line  "  canals, 
with  the  consequent  abundance  of  irrigating  water  and  increased 
opportunity  for  seepage,  has  resulted  in  raising  the  water  table 
throughout  the  cotton-growing  provinces  of  the  Delta  to  a  point  that 
seriously  injures  the  deep-rooted  cotton  plants. 

Table  II. — Average  prices  of  Good  Fair  Egyptian  and  Middling  Upland  cottons 
on  the  Boston  market  for  each  month  from  January  to  October,  1900.^ 


Month. 


Average  price  per 
pound. 


I 


Month. 


January. 
Februarv 
March .'. 
April 

^^y 


Good  Fair 


Cents. 
17.0 
16.5 
16.0 
16.6 
18. 0 


Middling 
Upland. 


Cents. 

9.9 

9.9 

9.9 

10.5 

11.3 


Average  price  per 
pound. 


(T(M)d  Fair 
I'^yptiun. 


Middling 
I'pland. 


June 

July 

August  . . . 
September 
October... 


Cents. 

Cents. 

18.5 

11.6 

19.9 

12.9 

19.9 

12.7 

20.2 

13.2 

22.0 

14.4 

•The  average  prices  of  Egyptian  and  Middling  Upland  cottons  on  the  Rostrn  and  Liver- 
pool markets  daring  the  ten  years  from  ISDS  to  li)07,  Inclusive,  are  stated  in  Hulletin 
128,  Bureau  of  Plant  Industry,  p.  25,  tables  4  and  r>.  Trices  during  1JK>^  are  discussed 
io  Circular  29,  Bureau  of  Plant  Industry,  pp.  5  and  6. 

Table  III. — Average  prices  of  different  grades  of  Egyptian  and  of  Middling 
I'pland  cotton  on  the  Boston  market  for  each  month  from  Xorember,  lUOU,  to 
July,  lOlO." 


Month  and  year. 


Low 

grades. 


'  Crnls. 

Kovember,  19J9 ,  19  -22^ 

December.  igo-J 221  25i 

January,  1910 ,.  2t  -2C.;; 

Februajy,  1910 22-27 

March.  IWO 2iy2i<i 

April,  1910 '20i  27; 

«y.l910 191  Z>  J 

Jnae.  1910 iTj-'i-Jj 

Jnly.  1910 17i-20i 


Average  price  per 

I>ound. 

Egyptian. 

Current. 

Good 
grades. 

High 
grades. 

Cents. 

Cenfit. 

Cents. 

2()i-23| 

21i-2:)i 

23  -27 i 

24  -27 i 

2t>  -29i 

27i  :U 

25: -28 J 

27;-:«)i 

29i-:;2] 

26  -32 

2k;-33 

311  s:>4 

27i-33: 

32;-:m: 

itU -;{(.{ 

2Ji|-3-'J 

2s;-33« 

31  i -3.,; 

23i-2r.; 

2HJ-30I 

29i-3:?    1 

19}-26i 

'2]i  -.m 

22  i  ;« 

19i-2U 

20i-22i 

211-24 » 

Middling 
Upland. 


Cents. 
16    -15* 
16    -151 
15    -V\i 

1V«-15tV 
UV,-15A 
1.V5-15A 
l''i».-15H 
\\k  -15i 
15i  -16 


■The  prices  for  each  month  are  the  minimum  and  the  maximum  of  the  weekly  prices 
/or  each  grade  a&  quoted  In  the  Commercial  Bulletin,  published  at  Boston. 
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It  would  be  unwise  to  rely  upon  a  maintenance  of  the  recent  very 
high  level  of  prices.  During  the  ten  years  from  1898  to  1907,  in- 
clusive, the  average  price  on  the  Boston  market  of  all  grades  of 
Egyptian  cotton  imported  was  15.3  cents,  as  compared  with  9.5  cents 
for  Middling  Upland.  During  1908  the  average  price  of  Egyptian 
cotton  on  the  same  market  was  18.07  cents,  as  compared  with  11.11 
cents  for  Middling  Upland.  It  should  be  noted,  however,  that  these 
prices  cover  the  total  quantity  of  Egyptian  cotton  imported,  much  of 
which  belongs  to  very  inferior  grades.  Fiber  of  a  quality  such  as 
experiments  have  demonstrated  can  be  produced  in  the  Southwest 
would  be  expected  to  command  a  premium  of  several  cents  over  the 
average. 

The  total  imports  of  Egyptian  cotton  into  the  United  States  during 
the  calendar  year  1909  amounted  to  72,617,893  pounds,  valued  at 
$12,101,000,  as  compared  with  01,511,723  pounds,  valued  at  $11,- 
560,009,  in  1908. 

CONCLXJSION. 

In  summing  up  the  most  important  results  of  the  breeding  work 
with  Egyptian  cotton  in  1909,  it  is  noted  that  the  diversity  caused 
largely  by  crossing  with  other  types  of  cotton,  which  in  1908  seemed 
to  seriously  threaten  the  future  of  the  acclimatized  stock,  has  to  a 
great  extent  disappeared.  This  is  doubtless  partly  due  to  the  plant- 
ing of  carefully  selected  types.  The  most  promising  of  these  is 
apparently  a  mutation  and  shows  a  strong  tendency  to  be  prepotent; 
in  other  words,  to  maintain  its  uniformity  even  in  the  presence  of 
opportunity  for  crossing  with  other  stocks.  The  application  of 
methods  of  eliminating  hybrids  and  aberrant  individuals  before  the 
plants  begin  to  open  their  flowers  which  Mr.  Cook  has  worked  out 
as  a  result  of  his  diversity  studies  has  also  greatly  contributed  to  this 
result. 

The  breeding  work  of  the  past  seven  years  has  developed  several 
superior  strains  and  two  very  distinct  varieties  which  are  now  ready 
for  testing  on  a  field  scale.  The  two  varieties — the  Yuma  and  the 
Somerton — developed  from  an  imported  stock  of  the  Mit  Afifi  vari- 
ety, represent  a  wide  departure  from  the  characteristic  parent  type. 
In  their  large,  pointed  bolls  and  lighter  colored  fiber  they  more  nearly 
approach  other  Egyptian  varieties,  which  are  also  believed  to  be  de- 
rived from  Mit  Afifi  and  probably  originated  in  the  same  manner 
as  "  sports  "  or  "  mutations."  One  of  the  new  strains  represents  typ- 
ical Mit  Afifi  in  the  shape  of  its  bolls  and  in  the  deeper  color  and  other 
characteristics  of  its  fiber,  but  is  notably  superior  to  the  average  of 
that  variety,  at  least  as  grown  in  the  United  States  from  imported 
seed.  This  strain,  which  was  grown  last  year  on  a  field  scale,  like- 
wise exhibited  a  high  degree  of  uniformity. 
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Experiments  in  1909  with  these  well-marked  new  varieties  indicate 
that  transfer  to  a  new  locality  having  somewhat  different  climatic 
ind  soil  conditions  does  not  induce  diversity  to  anything  like  the 
sxtent  that  results  when  newly  imported  seed  or  mixed  seed  of  dif- 
ferent acclimatized  stocks  is  planted  injiew  places.  Thus  the  very 
iistinct  Yuma  variety,  which  was  first  distinguished  and  very  likely 
originated  at  Yuma,  Ariz.,  maintained  its  superior  uniformity,  pro- 
ductiveness, and  distinctive  type  of  plants  and  of  fiber  when  planted 
under  the  decidedly  different  conditions  existing  at  Sacaton,  Ariz., 
ind  in  the  Imperial  Valley,  California.  The  equally  distinct  Som- 
Brton  variety,  which  also  probably  originated  near  Yuma,  maintained 
its  superiority  to  newly  imported  seed  at  Sacaton  and  at  Los  Angeles, 
CaL,  although  in  the  latter  locality,  which  represents  an  extreme  de- 
parture from  the  climatic  conditions  existing  in  the  Yuma  Valley, 
the  general  appearance  of  the  plants  was  very  different.  It  is  there- 
fore apparent  that  the  difficulties  of  "  local  adjustment "  or  adapta- 
tion of  an  acclimatized  strain  to  the  varying  climatic  and  soil  condi- 
tions of  different  localities  in  the  region  in  which  the  acclimatization 
has  taken  place  are  not  likely  to  interfere  seriously  with  the  extensive 
utilization  of  selected  types  possessing  a  high  degree  of  prepotency 
such  as  are  described  in  this  paper. 

SUMMABY. 

Several  distinct  and  promising  varieties  and  strains  which  have 
resulted  from  the  acclimatization  and  breeding  experiments  with 
Egyptian  cotton  in  the  southwestern  United  States  were  tested  on  a 
field  scale  in  the  Colorado  River  region  in  1909  and  gave  very  favor- 
able results  in  I'egard  to  the  quality  and  uniformity  of  the  fiber 
produced. 

The  results  of  the  season's  work  showed  that  by  planting  carefully 
selected  types  and  by  "  roguing  out "  the  markedly  aberrant  indi- 
viduals early  in  the  summer  the  degree  of  uniformity  can  be  attained 
which  is  demanded  by  the  market  for  this  class  of  cotton. 

Diversity  can  be  still  further  controlled  and  the  fruitfulness  of  the 
plants  maintamed  by  avoiding  extremely  light  and  extremely  heavy 
types  of  soil  and  by  managing  irrigation  so  that  the  plants  are  not 
exposed  to  alternations  of  severe  drought  and  excessive  moisture. 

Samples  of  the  fiber  produced  in  1909  were  submitted  to  a  number 
of  spinners  and  other  experts,  who  were  unanimous  in  pronouncing 
them  equal  in  all  respects  to  imported  Egyptian  cotton  of  correspond- 
ing grades. 

Two  of  the  best  types  (the  Yuma  and  Somerton  varieties)  are  so 
distinct  from  the  Mit  Afifi  variety  from  which  they  have  been  derived 
as  to  warrant  the  belief  that  they  are  mutations  and  have  originated 
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in  the  same  manner  as  Abbasi,  Jannovitch,  and  other  superior  types 
which  have  been  developed  in  Egypt  from  the  Mit  Afifi  variety. 

A  third  type  (strains  360,  361,  and  362)  resembles  Mit  Afifi  in  all 
characters  of  the  plants,  bolls,  and  fiber,  but  the  plants  are  much 
more  productive  and  produce  fiber  of  better  quality  than  those  grown 
in  the  same  region  from  imported  seed.  This  type  is  to  be  regarded 
as  an  acclimatized  and  improved  Mit  Afifi  rather  than  a  new  variety. 

The  Yuma  variety  was  tested  in  a  field  of  4  acres  near  Yuma,  Ariz., 
in  1909,  and  showed  a  very  satisfactory  degree  of  uniformity  in  the 
productiveness  and  habit  of  the  plants  and  in  the  quality  of  the  fiber. 
It  is  characterized  by  a  strong  tendency  to  develop  a  stout  main  stem 
greatly  surpassing  the  limbs,  and  possesses  long  fruiting  branches, 
long  taper-pointed  bolls,  and  strong,  silky,  cream-colored  fiber, 
averaging  about  If  inches  in  length. 

The  Somerton  variety  resembles  the  preceding  in  the  length  of  its 
bolls  and  in  most  of  its  fiber  characters,  but  the  bolls  are  more  sharply 
pointed,  the  seeds  generally  smoother,  the  percentage  of  lint  smaller, 
and  the  plants  more  bushy,  with  a  greater  development  of  large 
vegetative  branches. 

The  group  of  strains  Nos.  360,  361,  and  362  constitutes  a  unifonu 
type  that  is  very  different  from  the  Yuma  and  Somerton  varieties. 
The  plants  are  of  open  habit,  with  several  large  limbs  nearly  equaling 
the  main  stem ;  short,  plump,  abruptly  pointed  bolls ;  and  strong  fiber 
of  medium  length  (averaging  IJ  to  If  inches').  In  color  the  fiber  is 
almost  as  brown  as  that  of  imported  Mit  Afifi. 

Other  more  or  less  distinct  types  have  been  developed,  but  are  either 
less  satisfactory  or  have  not  yet  been  sufficiently  tested. 

Imported  seed  of  the  principal  Egyptian  varieties  was  planted 
in  1909  in  Arizona  in  the  vicinity  of  Yuma  and  at  Sacaton.  The 
varieties  differed  greatly  in  the  amount  of  individual  diversity  mani- 
fested.  None  of  them  equaled  the  acclimatized  stocks  in  fruitfulnesa 
or  in  quality  of  the  lint. 

Progenies  of  a  number  of  first-generation  Egyptian-Upland  hy- 
brids were  grown  near  Yuma.  The  second-generation  plants  showed 
excessive  diversity  of  type,  but  none  of  them  could  compare  with  the 
first-generation  parents  in  yield  or  in  excellence  of  the  fiber. 

The  imports  of  cotton  from  Egypt  into  the  United  States  during 
the  calendar  year  1909  amounted  to  72,617,893  pounds,  valued  at 
$12,101,000,  as  compared  with  61,511,723  pounds,  valued  at  $11,- 
560,009,  in  1908. 
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DESCBIPTION  OF  PLATES. 

Plate  I.  Fig.  1. — A  fertile  plant  of  acclimatized  E{;yptian  cotton  of  the  type 
characteristic  of  strains  Nos.  360,  861,  and  362,  with  several  large  ascending 
vegetative  branches  nearly  as  long  as  the  main  stem  and  bearing  a  cod- 
siderable  percentage  of  the  bolls.  Grown  near  Yuma,  Ariz.,  in  190S.  Fl^ 
2. — ^A  plant  of  the  YUma  variety  of  acclimatized  ESgyptian  cotton  with  a 
tall,  stout  main  stem  bearing  most  of  the  bolls  and  with  the  vegetatlTe 
branches  much  reduced.    Grown  near  Tuma,  Ariz.,  in  1908. 

Plate  II.  Typical  bolls  and  bracts  (natural  size)  of  Mlt  Afifi  Egyptian  cotton 
grown  from  imix)rted  seed  near  Yuma,  Ariz.,  in  1908. 

Plate  III.  Typical  bolls  and  bracts  (natural  size)  of  the  Yuma  variety  of  accli- 
matized Egyptian  cotton  grown  near  Yuma,  Ariz.,  in  1909.  Note  the  larger 
and  more  ix>inted  bolls  as  compared  with  typical  Mlt  Afifi  (Pl.  II). 

Plate  IV.  Typical  bolls  and  bracts  (natural  size)  of  the  Somerton  variety  of 
acclimatized  Egyptian  cotton  growti  near  Yuma,  Ariz.,  in  1909.  The  bolls 
are  more  sharply  pointed  than  in  the  Yuma  variety'  (PI.  III). 
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Fio.  1.— A  Fehtile  Plant  of  Aoclimatizeo  Egyptian  Cotton. 


Fia  2.— A  Plant  o 


E  Yuma  Vawety  of  Acclimatized  Egyptian  Cotton, 


Typical  Bolls  and  Bracts  of  Mix  Afifi  Egvptian  Cotton  Grown  f 
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Typical  Bolls  *mo  Bracts  of  the  Yuma  Variety  of  AccLiMATizeo  Egyptian  Cotton. 


Typical  Bolls  and  Baacts  of  the  Yuma  Vabietv  of  Acclimatized  Egyptian  Cotton. 
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Cotton,  Egyptian,  varieties,  Abbasi 11,23,2 

Ashmuni 28, 2 

Jannovitch 11,14,15,18,19,21,23,28,3 

MitAfifi 8,?,  11,17,23,24,28139,32-34,3 

Nubari.... 11,21,28,3 

Somerton ^ 20-24, 32-34,3 

Sultani,  imported  for  test 2 

Yuma 13-20,32-34,3 

experiments.    See  Experiments. 

in  Egypt,  conditions  affecting  crop 3 

Upland,  growth  at  Yuma 12, 16, 3 

prices,  Boston  market 31-3 

See  alsOj  Acclimatization,  Bolls,  Branches,  Branching,  Breeding,  Experi- 
ments, Fiber,  Foliage,  Fuzz,  Hybrids,  Irrigation,  Mutations,  Seed,  Yield,  et<^. 

Culture,  study  of  methods T-< 

Dewey,  L.  H.,  tests  of  lint 18.22,2 

Egypt,  construction  of  Assuan  dam,  effect  on  cotton  crop 3] 

cotton  crop  in  1909 31 

Egyptian  cotton.    See  Cotton,  Egyptian. 

El  Centro,  Cal.,  cotton  experiments Ij 

Experiments,  cotton,  at  Yuma,  Ariz 8, 9, 12, 13, 15, 16, 18-29, 33, 34, 9 

in  the  Imperial  Valley 8, 19, 22, 25, 3J 

methods  of  selection 10-li 

miscellaneous 29-3( 

new  types  developed 8-2( 

Fiber  of  cotton,  color  determinations 1] 

quality  determinations 13-15, 18-29, 32-3< 

Foliage  of  cotton,  indicative  of  types 15, 16, 18, 19, 21, 22, 27, 2 

Fuzz,  development  on  seeds  of  American-grown  cotton 11, 15, 18, 23, 27, 28,2 

Glendale,  Cal.,  cotton  experiments 8, 21 

Holtville,  Cal.,  cotton  experiments 21 

Hudson,  E.  W.,  cotton  cultural  work  at  Sacaton,  Ariz ( 

Hybridization  of  cotton,  precautions  to  prevent 12-12 

Hybrids  among  cottons  under  investigation 12-29,34 
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Imperial  Valley,  Cal.    See  Experiments  in  the  Imperial  Valley. 

Insects,  activity  in  pollination  of  cotton 13 
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Isolation  to  prevent  intercrossing 12-13 

Jannovitch  cotton.    See  Cotton,  Egyptian,  varieties. 

Kearney,  T.  H.,  and  Peterson,  W.  A.,  on  experiments  with  Egyptian  cotton. .         7 

Length  of  cotton  fiber.    See  Fiber. 

Limbs,  definition  of  term  as  applied  to  cotton  plant lO-U 

Lint.    See  Fiber. 

Los  Angeles,  Cal.,  cotton  experiments 8, 23, 24, 29, 33 

Luster  of  fiber  of  cotton,  notable  in  Somerton  variety 21 

McLachlan,  Argyle,  observations 7, 15, 16, 17, 21, 26, 28, 30 

Meade,  R.  M.,  on  results  of  investigations 7 

Mit  Afifi  cotton.    See  Cotton,  Egyptian,  varieties. 

Mutations,  origin  of  new  varieties  of  cotton 19-20. 23-24, 32, 33-34 
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Office  of  the  Chief, 
Washington,  D.  (?.,  October  11,  1910. 

Sir:  I  have  the  honor  to  transmit  herewith  and  to  reconunend  for 
publication  as  Bulletin  No.  201  of  this  Biu*eau  the  accompanying 
manuscript  entitled  ''Natural  Vegetation  as  an  Indicator  of  the 
Capabilities  of  Land  for  Crop  Production  in  the  Great  Plains  Area," 
by  Dr.  H.  L.  Shantz,  Physiologist,  Alkali  and  Drought  Resistant 
Plant  Breeding  Investigations,  Bureau  of  Plant  Industry. 

Extensive  tracts  of  land,  including  thousands  of  acres  that  are 
doubtless  capable  of  producing  crops,  still  remain  unoccupied  in  the 
United  States,  especially  west  of  the  ninety-eighth  meridian.  In 
places  wh6re  no  attempts  at  tillage  have  yet  been  made  the  would-be 
settler  or  investor  is  often  at  a  loss  to  know  whether  the  land  in  view 
is  adapted  to  a  particular  crop  or  even  whether  it  has  any  agricul- 
tural value.  In  such  places  the  character  of  the  natural  vegetation 
is  usually  studied  as  an  index  of  its  crop-producing  possibiUties,  but 
mistakes  are  often  made  in  using  this  indicator  without  sufficient 
consideration. 

The  object  of  the  present  paper  is  to  show  how  the  native  plant 
cover  can  safely  be  used  as  a  guide  to  probable  crop  production.    As 
a  result  of  investigations  carried  on  during  the  past  three  years  in 
the  Great  Plains  area  definite  correlations  have  been  determined 
between  the  different  types  of  vegetation  and  the  physical  charac- 
teristics and  crop  possibiUties  of  the  land  occupied  by  each  type. 
Although  most  of  the  detailed  investigations  have  been  carried  on  in 
eastern  Colorado,  enough  work  has  been  done  elsewhere  to  show  that 
with  comparatively  little  modification  the  results  can  be  apphed 
throughout  the  Great  Plains  area.     When  the  correlations  are  'forked 
out  for  a  given  region  as  carefully  as  has  been  done  in  the  present 
instance,  they  should  not  only  be  useful  as  a  means  to  land  classifica- 
tion on  a  large  scale,  but  they  could  be  applied  by  farmers  and  other 
persons  who  have  occasion  to  estimate  the  probable  agricultural 
value  of  new  land. 
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NATURAL  VEGETATION  AS  AN  INDICATOR  OF 
THE  CAPABILITIES  OF  LAND  FOR  CROP  PRO- 
DUCTION IN  THE  GREAT  PLAINS  AREA 


INTBODTJGTION. 

Farmers  and  other  persons  who  have  occasion  to  examine  new 
land  in  order  to  form  a  judgment  of  its  agricultural  value  depend 
largely  upon  the  natural  vegetation,  or  plant  covering,  as  an  indi- 
cator of  its  crop-producing  capabilities.  But  there  are  many  possi- 
bilities of  error  in  judging  land  upon  this  basis.  Species  that  are 
closely  related  botanically  and  very  similar  in  appearance  may  indi- 
cate quite  different  conditions  of  soil  and  climate.  The  popular 
names  of  plants  are  likely  to  cause  confusion.  Thus,  the  farmer 
who  has  learned  in  the  Grieat  Basin  region  that  *' grease  wood*'  is 
an  indicator  of  alkali  land  and  that  *'sage  brush '*  usually  grows  on 
land  free  from  alkali  will  find,  if  he  moves  to  southern  Arizona  or 
southeastern  California,  that  the  shrub  there  known  as  "greasewood" 
indicates  absence  of  alkali,  while  the  so-called  **sage  bushes"  of  that 
region  grow  on  strongly  alkali  land.  Furthermore,  there  is  a  general 
tendency  to  depend  upon  a  single  plant  species  as  an  indicator,  while 
the  investigations  set  forth  in  this  bulletin  show  that  the  composi- 
tion of  the  plant  covering  as  a  whole  is  a  much  more  reliable  basis  for 
judging  the  crop-producing  capabilities  of  land. 

The  chief  object  of  the  present  paper  is  to  show  how  these  sources 
of  error  may  be  avoided  and  how  new  land  may  be  classified  readily 
and  with  reasonable  accuracy  on  the  basis  of  its  natural  vegetation. 
This  paper  is  not  a  report  of  a  land  survey,  but  rather  a  discussion 
of  methods  which  it  is  believed  could  be  utilized  to  advantage  in 
making  such  a  survey,  the  methods  being  illustrated  by  application 
to  a  limited  territory  in  the  Great  Plains  area. 

Too  much  emphasis  can  not  be  laid  upon  certain  facts  that  have 
been  clearly  brought  out  in  the  course  of  these  investigations:  (1) 
Correlations  between  the  natural  plant  cover  and  the  crop-producing 
capabilities  of  land  in  a  given  area  can  be  satisfactorily  determined 
only  after  careful  study  of  the  different  types  of  vegetation  of  the 
ftrea  in  relation  to  their  physical  environments;  (2)  such  correlations, 
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determined  for  some  particular  region,  will  need  to  be  modified 
to  a  greater  or  less  extent  before  they  can  be  applied  in  another 
region  where  the  physical  conditions  are  different.  When,  as  a 
result  of  sufficient  investigation,  correlations  of  this  nature  are 
determined  for  a  given  area,  it  is  believed  that  they  will  afford  a 
basis  for  classifying  the  land  of  that  area  more  readily  and  at  least 
as  accurately  as  by  any  other  known  method. 

In  order  to  test  and  perfect  the  methods  here  described  it  was 
necessary  to  make  a  detailed  study  of  the  vegetation  of  some  par- 
ticular area  in  relation  to  the  physical  conditions,  checking  the 
observations  by  the  study  of  such  examples  of  actual  crop  produc- 
tion as  exist  on  the  different  types  of  land.  It  was  decided  to  begin 
work  in  the  Great  Plains  area  that  lies  between  the  ninety-eighth 
meridian  and  the  Rocky  Mountains,  for  this  region  contains  the 
largest  body  of  land  in  the  United  States  having  possible  agricultural 
value  on  which  the  native  plant  covering  is  still  undisturbed.  A 
further  advantage  is  the  comparative  uniformity  of  the  climate 
throughout  the  area  from  the  Canadian  boundary  on  the  north  to 
the  ** Panhandle"  of  Texas  on  the  south.  The  investigations  thus 
far  have  been  made  chiefly  in  a  portion  of  eastern  Colorado,  a  region 
which  is  considered  representative  because  of  its  central  position 
and  because  its  climatic  conditions  are  almost  as  extreme  as  any- 
where in  the  Great  Plains.  But  enough  data  have  been  gathered  in 
other  portions  of  the  Great  Plains  to  make  it  fairly  certain  that  with 
comparatively  little  modification  the  correlations  shown  will  hold 
good  throughout  the  area. 

The  work  so  far  accomplished  has  brought  out  clearly  that  in  this 
area  the  general  conditions,  whether  favorable  or  unfavorable  to 
crop  production,  are  indicated  by  the  character  of  the  native  plant 
cover.  Land  which  bears  a  pure  short-grass  cover  was  found  to  be 
supplied  with  water  in  the  surface  foot  or  two  of  soil  only,  and  usually 
even  to  that  depth  for  but  a  brief  period  during  spring  and  eariy 
summer.  Land  with  a  uniform  cover  of  tall  grasses  was  found  to 
be  supplied  with  water  to  a  much  greater  depth  and  to  offer  condi- 
tions favorable  for  plant  growth  during  a  much  longer  season.  Aa 
a  connecting  link  between  these  two  conditions  a  short-grass  cover 
which  supports  a  scattered  growth  of  taller  plants  was  found  to 
indicate  intermediate  conditions  as  regards  water  supply. 

The  areas  of  greatest  agricultural  value  one  year  with  another  are 
those  marked  by  the  presence  of  the  wire-grass  vegetation  (p.  48).  Of 
almost  equal  value  are  the  areas  characterized  by  those  phases  of  the 
grama-buffalo-grass  vegetation  which  are  distinguished  by  the  pres- 
ence of  a  considerable  quantity  of  PsoraJea  (p.  46)  or  of  wire-grass 
(p.  47).     Bunch-grass  land  (p.  54)  is  best  for  crops  during  especially 
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Iry  years,  but  is  relatively  the  least  productive  during  favorable 
rears.  Typical  short-grass  land  (grama-buifalo-grass  association 
>.  24)  produces  more  than  any  other  type  during  wet  years,  but  is 
irst  to  fail  in  time  of  drought.  Areas  characterized  by  certain  other 
types  of  vegetation  (p.  60)  were  found  to  be  unfit  for  agricultural 
purposes. 

:>BNEBAL  CONSIDEBATIGNS  ON  THE  USE   OF   VEOETATION   AS 

AN  INDICATOB. 

DIFFlCm^TY   OF  CORRELATING  VEGETATION  WITH  ANY   SINGLE   FACTOR 

OF  THE    ENVIRONMENT. 

The  great  difficulty  of  correlating  vegetation  with  any  single 
factor  is  shown  by  the  vast  difference  of  opinion  among  botanists  as 
to  which  factors  are  of  the  greatest  importance  in  controlling  plant 
distribution. 

Correlations  with  the  physical  or  the  chemical  nature  of  the  soil 
have  often  been  successfully  applied  for  a  limited  area,  but  without 
exception  these  correlations  have  failed  to  apply  when  extended  to 
wider  areas.  The  results  of  numerous  attempts  seem  to  prove  that 
a  strict  correlation  of  vegetation  with  the  physical  or  chemical 
nature  of  the  soil  is  possible  only  when  all  other  conditions  of  the 
habitat  are  comparatively  uniform.  When  the  climatic  conditions 
and  the  physical  condition  (texture,  water  content,  etc.)  of  the  soil 
are  uniform  we  should  be  able  to  correlate  variation  in  the  vegeta- 
tion with  differences  in  the  chemical  nature  of  the  soil;  on  the  other 
hand,  when  the  climatic  conditions  and  the  chemical  composition 
of  the  soil  are  uniform,  the  differences  observed  in  the  vegetation  are 
probably  due  to  inequalities  in  the  physical  nature  of  the  soil.  Varia- 
tions, either  physical  or  chemical,  are  of  greatest  importance  when 
they  approach  the  limit  of  favorable  conditions.  A  correlation 
between  vegetation  and  either  the  chemical  or  physical  nature  of 
the  soil  can  be  expected  to  apply  only  over  a  limited  area  where  the 
other  conditions  are  practically  uniform.  As  soon  as  we  move  from 
one  region  to  another  the  correlation  between  vegetation  and  soil 
type  is  at  once  broken  down."  In  the  Great  Plains  region  this  is 
very  clearly  brought  out  by  the  following  examples: 

In  eastern  Colorado  short-grass  vegetation  is  correlated  with  a 
loam  soil,  wire-grass  with  sandy  loam  soil,  and  bunch-grass  with 
sand  soil.  Here,  under  conditions  of  practically  uniform  rainfall, 
evaporation,  etc.,  we  have  a  close  correlation  between  the  vegeta- 
tion and  the  soil  types. 

^Thurmann,  Julius.     Essai  do  Phytostatique,  1849,  p.  403.     Warming,  Eugenius. 
Ecology  of  Plants,  1909,  pp.  69-70. 
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Again,  in  eastern  Colorado,  with  a  rainfall  of  from  15  to  18  inches, 
loam  soil  is  covered  with  a  comparatively  pure  short-grass  cover; 
in  west-central  Kansas,  with  a  rainfall  of  from  22  to  24  inches,  loam 
soil  is  characterized  by  wire>grass  vegetation ;  while  in  eastern  SLansas. 
with  a  rainfall  of  from  26  to  30  inches,  bunch-grass  occurs  on  this  type 
of  soil.  Here,  under  comparatively  uniform  soil  conditions,  a  rather 
close  correlation  can  be  established  between  rainfall  and  vegetation. 

But  under  practically  uniform  soil  conditions  the  pure  short-grass 
formation  is  found  in  the  "Panhandle"  of  Texas,  where  the  average 
annual  rainfall  is  about  21  inches,  and  in  eastern  Colorado,  with  an 
average  annual  rainfall  of  17  inches,  while  in  Montana  a  comparable 
type  of  pure  short-grass  vegetation  is  found  where  the  average  annual 
rainfall  is  only  14  inches.  Similar  observations  could  be  made 
upon  any  other  type  of  vegetation  which  extends  throughout  the 
region.  A  correlation  with  amount  of  rainfall  alone  is  not  possible; 
for,  if  we  judge  from  the  vegetation,  a  rainfall  of  14  inches  in  Montana 
is  equivalent  to  a  rainfall  of  21  inches  in  Texas.  Lines  drawn  from 
north  to  south  showing  conditions  equally  favorable  for  plant  growth, 
as  we  pass  southward,  cross  lines  of  increasingly  higher  annua] 
rainfall.  It  is  clear  in  this  case  that  factors  other  than  the  amount 
of  annual  rainfall  must  enter  into  the  correlation,**  since  on  a  uniform 
soil  differences  in  the  amount  of  annual  rainfall  produce  no  changes 
in  the  type  of  vegetation. 

To  attempt  a  close  correlation  of  plant  associations  with  tem- 
perature alone  is  equally  difficult.  The  short-grass  and  prairie-grass 
formations  each  range  from  the  Lower  Austral  through  the  Upper 
Austral  and  into  the  Transitional  life  zone,  taking  these  life  zones 
as  defined  by  Merriam.*  It  is  obvious  that  in  the  r^ion  here  con- 
sidered water  is  the  chief  limiting  factor  and  temperature  is  of  com- 
paratively minor  importance  in  influencing  plant  distribution. 

From  the  cases  above  mentioned  we  can  see  that  neither  the  rain- 
fall nor  the  soil  type  alone  determines  what  type  of  vegetation  viJl 
be  found  in  any  given  area;  for  of  the  first  two  correlations  dis- 
cussed in  which  only  these  factors  are  primarily  concerned,  either  may 
be  cited  to  disprove  the  other.  Many  similar  examples  could  be 
given,  but  these  will  serve  to  show  how  utterly  impossible  it  is  to 

o  See  Powell,  J.  W.,  "Landa  of  the  Arid  Region/'  1879,  p.  51,  and  Johnson,  W.  D., 
"The  High  Plains  and  Their  Utilization, "  Twenty-Firet  Annual  Report  of  the  United 
States  Geological  Survey,  pt.  4,  1901,  p.  678;  also  Briggs,  L.  J.,  and  Bels,  J.  0., 
" Dry  Farming  in  Relation  to  Rainfall  and  Evaporation,"  Bulletin  188,  Bureau  of 
Plant  Industry,  United  States  Department  of  Agriculture,  1910,  pp.  20-22. 

^Merriam,  C.  Hart.     Laws  of  Temperature  Control  of  Geographical  Distributioii 
of  Terrestrial  Animals  and   Plants.     National  Geographic  Magazine,  vol.  6,  1885, 
pi.  14. 
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make  a  close  correlation  between  a  type  of  vegetation  and  any 
single  factor  of  the  plant  environment  if  in  so  doing  we  neglect  other 
Factors. 

In  most  of  the  investigations  that  have  been  made  in  this  field  the 
investigators  have  not  fully  considered  the  effect  of  variations  in 
factors  other  than  the  one  with  which  they  sought  to  establish  cor- 
relations. If  they  have  failed  to  make  their  case  it  is  largely  because 
their  generalizations  from  the  data  in  hand  were  too  broad.  The 
v^etation  is  undoubtedly  of  value  as  an  indicator  of  different  soil 
types  in  regions  where  climatic  conditions  are  uniform,  but  correla- 
tions established  in  one  region  must  not  be  applied  to  other  regions 
until  they  have  been  thoroughly  tested  and  found  to  hold  true. 

r 
CORRELATION    WITH    SOIL   MOISTURE. 

One  of  the  most  successful  correlations  yet  attempted  is  that  be- 
tween plant  associations  and  water  content  of  the  soil.  This  corre- 
lation, set  forth  in  1823  by  Schouw,"  has  been  accepted  and  modified 
by  leading  ecologists  *  and  has  proved  one  of  the  most  useful  gen- 
eralizations in  the  study  of  vegetation.  The  great  ecological  divisions 
of  the  earth's  surface — ocean,  forest,  grass  land,  and  desert — are 
largely  expressions  of  this  water  relation. 

Correlations  of  vegetation  with  soil  type  are,  in  the  great  majority 
of  cases,  really  correlations  with  soil-water  content,  soil  texture 
being  chiefly  important  to  the  plant  through  its  influence  upon  avail- 
able moisture.  One  of  the  greatest  difhculties  in  the  local  applica- 
tion of  this  correlation  has  been  the  fact  that  the  water  relations  of 
the  different  types  of  soils  have  been  defined  only  in  a  very  general 
way.  Because  of  this  fact  very  little  of  the  water-content  work  that 
has  been  published  is  of  practical  value.  Determinations  are  almost 
worthless  unless  checked  carefully  by  some  such  standard  as  ''non- 
available  moisture"  or  "moisture  equivalent''  (p.  18).  As  has  been 
often  pointed  out,  the  moisture  relations  of  different  soils  are  so 
variable  that  a  mere  statement  of  per  cent  of  water  means  almost 
nothing.  Clay,  for  example,  is  as  dry  as  dust  to  the  plant  when  it 
contains  18  per  cent  of  water,  while  most  sands  are  very  nearly  sat- 
urated witli  18  per  cent  of  water. 

A  slight  variation  in  the  quantity  of  available  soil  moisture  would 
probably  have  less  effect  on  the  character  of  the  vegetation  than  would 
a  difference  in  the  season  of  the  year  or  in  the  length  of  time  during 

<»See  Schouw,  J.  F.,  "Grundzttge  einer  Allgemeinen  Pflanzengeographie. " 
^  See  Warming,  Eugenius,  ^'Planteaamfund.  Grundtrak  af  den  dkologiske  Plante- 
geogiafi,"  1895,  and  "Ecology  of  Plants,"  1909;    Schimper,  A.  F.  W.,  "Pflanzen- 
geographie auf  Physiologischer  Grundlage,"  1898;   and  Clementa,  F.  E.,  "Research 
Methods  in  Ecology,"  1905. 
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In  the  plant  cover  as  a  whole  we  have  a  record  which  is  as  stable  as 
the  most  stable  single  species  and  as  sensitive  as  the  most  exacting 
plant.  Any  change  in  the  physical  conditions  produces  an  immediate 
effect  on  the  growth  of  the  year,  and,  to  a  less  extent,  on  the  perennial 
growth  as  well.  Notwithstanding  this,  one  can  read  from  the  vege- 
tation the  record  of  the  average  and  not  of  the  exceptional  years. 
If  rightly  interpreted  the  vegetation  offers  a  record  far  more  valuable 
and  far  more  complete  than  any  series  of  meteorological  observations 
now  available.  In  the  present  work  we  are  concerned  vriih  soil  and 
atmospheric  studies  only  in  so  far  as  they  aid  in  the  determination  <A 
a  direct  correlation  between  native  vegetation  and  crop  production. 

The  effects  of  mowing,  grazing,  fires,  etc.,  must  be  taken  into  full 
account  in  determining  correlations.  The  vegetation  which  in  one 
place  indicates  a  heavy  soil  may  in  another  indicate  a  lighter  soil 
where  fires  occur  occasionally.  Vegetation  which  in  one  case  indi- 
cates a  rather  heavy  type  of  soil  with  light  rainfall  may  in  another 
case  indicate  the  same  type  of  soil  and  a  heavier  rainfall  if  the  land  is 
exposed  to  excessive  grazing.  It  is  necessary,  therefore,  to  deter- 
mine very  carefully  the  conditions  under  which  particular  types  of 
vegetation  have  developed  before  attempting  to  correlate  them  with 
the  possibiUties  of  crop  production. 

METHODS. 

In  using  the  native  vegetation  as  an  indicator  the  first  step  is  to 
make  a  thorough  study  of  the  plant  cover  in  order  to  become  familiar 
with  the  more  important  species  and  the  plant  associations  which 
they  form.  The  dominant  associations  as  well  as  the  less  important 
ones  should  be  clearly  recognized  and  defined.  The  definition  of  the 
various  associations  is  best  accomplished  by  the  use  of  modem  eco- 
logical methods.  The  method  found  most  valuable  in  the  present 
work  was  that  known  as  the  quadrat  method.* 

Where  exact  records  of  the  structure  of  the  plant  cover  were 
desired,  a  quadrat  of  1  yard  (or  1  meter)  was  mapped  in  detail  on 
cross-seption  paper  (fig.  1).  These  maps  were  most  useful  as  recortls 
of  typical  portions  of  plant  associations.  The  areas  occupied  by  the 
different  plant  associations  were  mapped  by  means  of  colored  pencib 
on  blank  townsliip  maps  on  a  scale  of  1  inch  to  the  mile.  When  once 
the  plant  associations  were  clearly  distinguished,  the  geographical 
distribution  of  each  association  could  be  readily  recorded  by  this 
method. 

In  addition  to  the  work  mentioned  above  there  is  the  much  more 
difficult  task  of  determining  what  factors  have  brought  about  the 

"See  Cleinente,  F.  E.,  ''Research  Methods  in  Ecology,"  1905,  p.  161. 
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roupings  of  plants  into  these  deiuiite  associations.  Important  as 
re  the  factors  of  reproduction,  dissemination,  and  establishment,  or 
if  iuTasion  and  succession  in  the  early  stages  of  the  associations,  it  is 
Argely  in  the  physical  inequality  of  the  plant  habitat  that  we  find  the 
eason  for  the  present  distribution  of  vegetation  in  the  region  under 
Ansideration. 

Xn  studying  the  factors  which  have  contributed  to  the  origin  of  a 
>&rticular  association  we  have  then  to  take  into  account,  first  of  all, 
.he    physical  conditions  under  which  the  association  thrives.    In 
loing  this  for  the  region  here  discussed  all  available  data  have  been 
ised.     Air-temperature  and  rainfall  records  were  easily  obtained; 
ui    accurate   record   of 
svaporation,  saturation 
deficit,     soil    moisture, 
and  soil  temperature  is 
taken"   at   11  thiTerent 
stations    on    the  Great 
Plains.       These     more 
general     records     have 
been  supplemented  by 
many       simultaneous 
comparative     observa- 
tions    made     by     the 
writer  in   the  different 
plant  associations. 

Water  is    the    chief 
"limiting    factor"    for 
plant    growth    in    the 
Great  Plains  area.     It 
was  therefore  necessary 
to    know   the    amount 
present  in  the  soil  dur- 
ing the  period  covered 
by  these  investigations. 
A  series  of  determina- 
tions made  at  a  care- 
fully chosen  base  station  twice  a  day  throughout  the  season  gave  the 
most  valuable  data  that  were  obtained,  but  it  was  also  found  de- 
fiirable  to  make  occasional  determinations  of  soil  moisture  at  other 
points.    These  occasional  determinations  were  made  both  at  the 
SMQe  time  in  different  plant  associations  and  at  different  times  in  the 


^^  on D  '  Mofiof   Dscmo/o£s. 

"^^^  fCSTVCA    OCTOFLOnA 
P  ■  PLAMTAeo  fVnSMfi. 
C  '  CHItySORS/S  VIUOSA. 

la.  l.~A  one-meMt  qiiadrBt,  Irom  thi  grama-buOsi^fiui  as- 
•odatloa  (short-grass  tormatioD)  at  the  DrT-Laud  Agriculture 
Eiperlmeiit  Fann,  Akron,  Colo. 


"  Undo'  the  direction  of  Dr.  L.  J.  ] 
of  Plant  Industry. 

65399°— Bui.  201-U 2 
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same  association,  the  choice  of  the  location  and  time  depending  upon 
the  weather  and  the  condition  of  the  vegetation. 

The  soil  moisture  was  actually  determined  in  percentages  of  water 
to  dry  weight  of  the  soil,  but  in  this  shape  the  data  are  of  little  value 
for  comparing  the  behavior  of  plants  growing  on  soils  of  differeat 
texture.  It  was  found  necessary,  in  order  to  make  such  comparison, 
to  reduce  the  data  to  some  definite  standard.  The  best  standards 
for  a  comparison  of  moisture  conditions  in  different  types  of  soil  in 
relation  to  plant  growth  and  behavior  were  found  to  be  the  moisture 
equivalent  and  the  nonavailable  moisture.^ 

The  rate  of  penetration  is  of  such  importance  in  influencing  the 
amount  o£  water  in  the  soil  that  it  was  considered  essential  to  make 
careful  measurements  of  the  time  required  for  a  given  amount  of 
water  to  enter  the  soil,  and  also  of  the  quantity  of  water  taken  up  bj 
the  soil  during  a  rainfall  of  known  amount. 

Chemical  and  mechanical  analyses  of  soils  were  necessary  as  a  check 
upon  the  correlations  between  soil  moisture  and  plant  distribution. 
The  analyses  required  were  obligingly  furnished  by  the  Bureau  of 
Soils. 

Plant  migrations,  invasions,  and  successions  are  of  great  impor- 
tance in  considering  the  origin  and  present  structure  of  plant  associa- 
tions. In  order  fully  to  understand  each  particular  association,  how 
it  has  originated  and  what  conditions  it  indicates,  it  was  necessarv 
to  go  somewhat  in  detail  into  the  subject  of  competition  between 
different  species.  In  this  connection  a  study  of  the  root  systems  of 
the  different  species,  as  well  as  of  the  effects  produced  on  the  vege- 
tation by  fires,  and  by  mowing,  grazing,  and  other  human  and  animal 
agencies,  was  found  to  be  indispensable. 

a  The  moisture  equivalent  is  the  amount  of  water  left  in  the  6oil  when  satunted 
Boil  has  been  subjected  to  a  force  of  1,000  times  gravity.  (See  Briggs,  L.  J.,  and 
McLane,  J.  W.,  *'The  Moisture  Equivalents  of  Soils,"  Bulletin  45,  Bureau  of  Soils, 
U.  S.  Dept.  of  Agriculture,  1907.) 

The  nonavailable  moisture  is  the  amount  of  water  which  remains  in  the  soil  after 
the  plant  has  wilted  as  a  result  of  insufficient  moisture.  (See  Sachs,  Julius,  ^'Bericht 
tiber  die  physiologische  Thatigkeit  an  der  Versuchstation  in  Tharandt,"'  Landw. 
Versuchs-Stationen,  1859,  vol.  1,  p.  235.)  The  nonavailable  moisture,  expressed  in 
percentages,  is  here  used  to  signify  the  maximum  percentage  of  water  in  the  «>il 
which  can  not  be  utilized  by  the  plant,  or  what  might  be  called  the  point  of  non- 
available  maximum.  When  the  amount  recorded  is  less  than  this  maximum 
nonavailable  it  is  referred  to  as  below  the  nonavailable.  In  figures  5  to  10,  incluM>^ 
the  nonavailable  maximum  is  represented  by  the  zero  line.  (For  a  statement  of  the 
relation  of  moisture  equivalent  to  nonavailable  moisture  see  Table  XII,  p.  78.) 

Hygroscopic  coefficient  (Hilgard,  E.  W.,  Soils,  1906,  p.  196)  is  more  difficult 
to  determine  and  more  easily  affected  by  fluctuations  in  temperature  or  humidityi 
and  on  this  account  is  not  as  useful  as  the  other  determinations  here  mentioned. 
201 


PLANT  FORMATIONS  IN  EASTERN  COLORADO.  19 

In  studying  a  succession  "  it  is  necessary,  first  of  all,  to  have  a 
comprehensiye  knowledge  of  the  established  vegetation  and  to  sup- 
plement this  by  a  careful  study  of  associations  occupying  adjacent 
areas  which  might  influence  its  structure.  One  should  clearly  recog- 
nize the  great  primary  successions  which  have  led  to  the  establish- 
ment of  the  existing  vegetation,  since  these  must  be  taken  into 
account  in  considering  the  indicator  value  of  any  particular  asso- 
ciation. On  the  Great  Plains  it  was  necessary  to  extend  observations 
over  a  wide  area,  for  no  correct  idea  of  succession  can  be  obtained 
unless  this  study  has  been  sufficiently  extended  to  enable  one  to 
secure  a  view  of  practically  the  whole  field  of  plant  migration  which 
is  directly  concerned  in  shaping  the  particular  association  under 
observation. 

PliANT   FOBXATIONS   AND   ASSOCIATIONS   IN   EASTERN 

COLOBADO. 

SCOPE   OF  THE   INVESTIGATIONS. 

While  this  work  has  been  carried  on  to  some  extent  in  all  the 
States  in  the  Great  Plains  region,  the  more  detailed  investigations 
have  been  confined  to  Washington  and  Yuma  counties,  in  eastern 
Colorado.  The  results  are  not  expected  to  apply  in  their  smaller 
details  except  in  the  region  lying  north  of  the  Arkansas  River  and 
south  of  the  South  Platte,  in  eastern  Colorado.  Correlations  must 
be  somewhat  modified  in  passing  beyond  the  limits  of  this  area,  but 
with  slight  mo<lifications  they  will  probably  hold  good  in  a  general 
way  for  most  of  the  Great  Plains  region. 

The  survey  of  the  vegetation  of  this  region  was  undertaken  by  the 
use  of  methods  outlined  by  Clements  ("  Research  Methods  in  Ecology," 
1905),  somewhat  modified  and  extended  to  suit  the  special  conditions 
under  which  the  work  was  carried  on. 

CLASSIFICATION   OP   VEGETATION    TYPES. 

In  the  classification  of  the  plant  associations  no  attention  is  paid 
to  those  associations  found  along  the  creek  banks  or  in  marsh  and 
alkali  flats,  for  the  reason  that  the  work  is  intended  primarily  to  deal 
only  with  the  vegetation  of  that  portion  of  the  area  which  receives 
its  water  supply  directly  from  precipitation. 

o  Succeesion  is  the  phenomenon  of  replacement  of  one  type  of  plant  cover  by  another. 
This  change  in  v^etation  is  brought  about  in  many  ways.  The  pUnts  themselves, 
by  gradually  changing  the  conditions,  are  often  the  most  important  &ctor  in  bringing 
about  the  change.  Successions  have  been  classified  as  to  their  initial  cause  as  primary 
(those  dealing  with  the  re  vegetation  of  newly  formed  land)  and  secondary  (those 
brought  about  by  the  destruction  or  removal  of  the  original  vegetation).  Secondary 
successions  occur  most  commonly  as  the  result  of  human  agency.  (See  Clements,  F.  E.» 
''Research  Methods  in  Ecology,"  1905,  p.  239.) 
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The  more  important  plant  groups  which  constitute  the  v^etation 
of  eastern  Colorado  and  the  more  important  species  of  each  group  are 
here  listed  in  such  a  way  as  to  indicate  the  structural  and  histoiical 
relationships  of  the  groups. 

Classification  of  vegetation  types. 


Formation.a 


Association.^ 


Licben 

Short-grass. 


Society,  c 


Dominant  speciis. 


fRIoodliiaoreina. 
Lecanora  calcarea. 
PanneUa 


I 


)  Boutdoaa  olisostadiya. 
|\Budilo6  dact  jloidcs. 


IQutlerrezia  sarothrae. 
Artemisia  frfaida. 
BoutekMia  ollgostadiya. 


Grama-bullalo  grass . 


/BoutekMia  oUgostacfaya. 
\Buchlo6  dactyloides. 

1  BoutekMia  oUgostadiya. 
Bachk»«  dactvkiMes. 
Psoralea  tenulOofm. 

(Boutetoua  ollsostacfaya. 
Buchtoe  dactyk»ides. 
Arbtida  kMigbeta. 

1  BoutekMia  oltostachya. 
Aristlda  lon^eta. 
Psoralea  tenulflora. 


Tsoralea  tenulfiora. 


Arlstida  longiseta. 


Pralrie-grass (d) 

I  I 

Bunch-grass Andropogon  acopaiias. 


Sand-hills  mixed. 


Blow-out. 


BoutekMia  hirsuta. 
AndroL 
Calamo 
Artemisia  fiUlolia. 


pogon  halUL 
ov&fa  toncifoUa. 


(Redfleldia  flexuosa. 
Ifuhlenbergia  pu 
Psoralea  lanceolat 


a  The  plant  formation  is  the  most  important  vegetation  tvpe,  and  signifies  a  group  of  plants 
have  the  same  general  growth  form,  or  appearance.  While  ainerent  portions  may  differ  widelT  iS  to 
the  species  which  form  the  plant  cover,  they  are  similar  in  general  outwud  appearance  and  indlcMeBMKV 
or  less  uniform  environmental  conditions.  (See  Warming.  E.,  Ecology  oi  Plants,  1900,  p.  ISA;  ■» 
Clements,  F.  E.,  Research  Methods  In  Ecology,  1905,  p.  292.) 

t>  The  term  "plant  association"  isused  herein  placeofthetechnicalterm  "consodes"  (Clements,  ResesR^ 
Methods  in  Ecology,  1905,  p.  295).  The  association  is  usually  more  uniform  as  to  species  tlian  the  fonnatiaa 
and  occurs  only  as  a  major  division  within  the  formation  (warming.  Ecology  of  Plants,  1900,  p.  144). 

c  A  plant  society  is  a  phase  or  aspect  of  an  association  charactericed  by  some  one  or  a  lew  predomlnsnt 
species. 

d  Since  only  the  western  portion  of  this  formation  te  considoed,  the  dominant  species  for  the  eotiR 
formation  can  not  be  given. 

In  addition  to  the  associations  listed  under  the  short-grass  forma- 
tion there  are  two  other  associations  which  are  of  great  importance 
when  considering  the  vegetation  of  the  Great  Plains  area  as  a  whole 
but  which  occupy  a  very  small  area  in  eastern  Colorado.  They  are 
omitted  from  the  above  classification  because  it  is  difficult  to  show 
the  relationship  of  the  important  associations  when  these  are  also 
listed.  These  associations,  relatively  of  small  importance  in  eastern 
Colorado,  are  as  follows; 
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Supplementary  classification  of  vegetation  types. 


Formation. 

Association. 

Ihof  t-yaSkH. . .  r '  -  -    - 

Grama  grass 

Wheat-grass 

Dominant  species. 


f  Bouteloua  ollgostachya. 
\Buchloe  dactyloldes. 

Bouteloua  ollgostachya. 

(Bouteloua  ollgostachya. 
BuchloS  dactyloldes. 
Agropyron  smithll. 


A  detailed  botanical  description  of  the  formations  and  associations 
would  be  out  of  place  in  the  present  publication,  but  itseems  desirable 
to  connect  these  associations  with  those  described  by  Pound  (Roscoe) 
and  Clements  (F.  E.)  in  the  *'Phytogeography  of  Nebraska,"  1900. 
It  must  be  remembered  that  the  Nebraska  work  was  pioneer  work, 
and  that  while  it  was  most  carefully  and  thoroughly  done,  a  fuller 
knowledge  of  the  development  of  the  vegetation  of  the  plains  has  made 
it  undesirable  to  follow  closely  the  grouping  therein  set  forth.  The 
present  classification  corresponds  only  in  a  general  way  with  that 
adopted  by  Pound  and  Clements. 

As  understood  by  the  writer,  the  short-grass  and  prairie-grass 
formations  cover  practically  all  of  the  area  east  of  the  mountains  and 
west  of  the  Mississippi  Valley  forest  area. 

The  short-grass  formation  in  the  writer's  conception  includes  the 
following  formations  recognized  by 'Pound  and  Clements,  which  are 
discussed  in  the  " Phy togeography  of  Nebraska,''  on  the  pages  indi- 
cated: Buffalo-grass  formation,  350;  Stipa  formation,  381 ;  Agropyron 
formation,  383;  peppergrass-cactus  formation,  386;  beard-grass  for- 
mation, 361.     The  Agropyron  formation  of  Pound  and  Clements  cor- 
responds to  the  writer's  wheat-grass  association,  and  their  buffalo-grass 
and  peppergrass-cactus  formation  corresponds  to  the  writer's  grama- 
bufTalo-grass  association.     The  beard-grass  formation  of  the  *'Phyto- 
gec^raphy  of  Nebraska"  corresponds  to  the  wire-grass  association  of 
the  present  publication,  and  is  placed  by  the  writer  in  the  short-grass 
formation  because  of  the  preponderance  of  grasses  of  the  short-grass 
type,  although  it  is  clearly  an  intermediate  association  between  the 
two  great  formations. 

The  prairie-grass  formation,  as  described  by  the  writer,  is  also  much 
more  comprehensive  than  the  formation  of  the  same  name  as  under- 
stood by  Pound  and  Clements  (p.  348) .  It  includes  the  writer's  bunch- 
grass  association,  which  corresponds  to  a  part  of  the  bluestem  type 
of  the  bunch-grass  formation  (Pound  and  Clements,  p.  355),  and  the 
writer's  sand-hills  mixed  association,  which  also  corresponds  to  a 
part  of  the  bluestem  type  of  the  bunch-grass  formation  (Pound  and 
Clements,  p.  355),  and  to  the  Artemisia  flifclia  formation  (Pound 
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and  Clements,  p.  372).  The  blow-out  association  of  the  writer  corre- 
sponds to  the  blow-out  formation  of  Pound  and  Clements  (p.  365), 
and  in  the  present  publication  is  included  in  the  prairie-grass  formar 
tion,  because  it  invariably  passes  directly  into  one  of  the  associatione 
of  that  formation.  The  Artemisia  JUifolia  formation  of  Pound  &ikj 
Clements  (p.  372)  is  included  in  the  sand-hills  mixed  association  oi 
the  writer  because  of  the  fact  that  this  species  of  Artemisia  so  ^n- 
erally  occurs  in  this  association.  The  bunch-grass  association,  as  i1 
occurs  in  eastern  Colorado,  is  a  much  more  nearly  closed'  association 
than  in  portions  of  Nebraska,  and  what  is  said  in  this  paper  relative 
to  the  conditions  indicated  by  this  type  of  vegetation  applies  only 
when  the  ground  is  well  covered  and  the  vegetation  is  of  the  closed 
type  rather  than  of  the  open  type  so  often  met  with  on  the  more 
unstable  sand  liills  of  Nebraska. 

The  great  prairie-grass  formation  includes  many  associations 
which  flourish  east  of  the  Great  Plains  area  and  are  not  here  con- 
sidered. The  Artemisia  triderUata  formation,  one  of  the  principal 
formations  occurring  in  the  mountain  region  west  of  the  Great  Plains 
area,  is  found  in  places  within  the  latter  area,  but  does  not  belong  to 
either  the  prairie-grass  or  the  shortrgrass  formations. 

GEOGRAPHICAL  DISTRIBUTION   OF  THE   FORMATIONS. 

THE  UCHBN  FORMATION. 

Plants  of  the  lichen  formation  occur  wherever  there  are  rock  out^- 
crops  or  where  the  soil  is  covered  or  partially  covered  with  rock 
fragments.     Naturally  they  are  most  important  near  the  mountains. 

THE   SHORT-GRABS  FORMATION. 

Occupying  the  greater  part  of  the  Great  Plains  area,  the  short^r^MB 
formation  in  the  United  States  extends  from  southern  Texas  to 
northern  Montana  and  Dakota,  and  from  the  Rocky  Mountains 
eastward  to  where  it  meets  the  prairie-grass  formation  in  central 
Texas,  Nebraska,  and  the  Dakotas.  It  is  limited  on  the  east 
by  the  increasing  moisture,  which  enables  the  deeper  rooted, 
taller,  and  more  mesophytic  prairie-grass  species  to  kill  out  the 
short  grasses  by  competition.  On  the  west  it  is  limited  by  the 
mountain  ranges  with  their  woody  vegetation,  and  in  the  inter- 
mountain  areas  by  the  xerophytic  conditions  which  are  the  direct 
result  of  winter  rains  and  dry  summers.  This  condition  of  almost 
exclusively  winter  rainfall  is  entirely  unfavorable  for  the  shallow- 

a  Reference  is  here  made  to  an  association  or  formation  in  which  the  ground  is 
closely  covered  with  plants.  Technically  a  closed  formation  is  one  into  which  other 
plants  can  not  migrate  without  displacing  some  of  those  already  established. 
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o1>e<i  short  grasses,  but  is  congenial  to  a  scattered  growth  of  deep- 
toted  plants^  such  as  makes  up  the  great  Artemisia  tridentata  forma- 
oxi  of  the  intermountain  areas.  Within  the  short-grass  formation 
lere  are  several  well-marked  associations. 

Th.e  Gutierrezia-Artemisia  association  must  be  regarded  as  an 
itrly  stage  in  the  short-grass  formation  and  often  represents  a 
mnsition  from  the  lichen  formation.  It  is  an  important  associa- 
lOti  near  the  mountains^  notably  in  northeastern  New  Mexico  and 
[»uth.eastem  Colorado,  but  it  also  occupies  extensive  areas  in  other 
ortions  of  the  Great  Plains,  especially  in  places  where  there  are 
utcrops  of  only  partly  disintegrated  rock. 

TKe  grama-grass  association  is  best  developed  .in  the  northern 
ireat  Plains,  especially  in  Montana  and  extending  south  along  the 
Qountain  front  to  central  Colorado. <»  It  is  not  an  important  asso- 
dation  in  eastern  Colorado. 

The  grama-buflfalo-grass  association  is  the  most  extensive  sub- 
livision  of  the  short-grass  formation.  It  predominates  over  the 
nrhole  central  portion  of  the  Great  Plains  area  and  extends  far  south 
into  Texas.  In  the  southwestern  portion  it  is  somewhat  modified 
by  the  occurrence  of  Muhlenhergia  gradUima  Torr.,  and  upon  further 
investigation  this  portion  may  prove  to  belong  to  another  asso- 
ciation. 

The  wheat-grass  association  is  best  developed  in  South  Dakota, 
w^t  of  the  Missouri  River,  on  the  adobe  soil  derived  from  the  Fort 
Pierre  shale,  but  it  also  occurs  in  detached  areas  both  north  and  south 
of  this  region. 

The  wire-grass  association  is  found  chiefly  in  that  portion  of  the 
short-grass  formation  which  is  adjacent  to  the  prairie-grass  forma- 
tion. In  eastern  Colorado,  where  it  covers  a  considerable  area,  it 
usually  borders  the  sand  hills. 

THE   PRAIRIE-ORA88   FORMATION. 

Most  extensively  developed  in  the  eastern  part  of  the  Great  Plains, 
the  prairie-grass  formation  is  limited  on  the  east  by  the  conditions 
favorable  to  the  growth  of  trees  with  which  the  plants  of  this  forma- 
tion can  not  directly  compete.  The  burning  of  the  prairie  grasses 
when  they  are  dry  is  very  detrimental  to  tree  growth,  and  since  these 
fires  are  often  started  by^  lightning  the  migration  of  trees  into  grass- 
land areas,  even  before  the  advent  of  man,  must  have  been  accom- 
plished with  great  difficulty.  On  this  account  the  prairie  grasses 
were  able  to  occupy  a  great  deal  of  land  in  regions  where  the  moisture 

**8hMitz,  H.  L.     A  Study  of  the  Vegetation  of  the  Mesa  Region  East  of  Pikes 
Peak:  The  Bouteloua  Formation.     Botanical  Gazette,  1906,  vol.  42,  pp.  16-47  and 
179-207. 
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conditions  were  favorable  to  tree  growth.  While  limited  on  the  east 
by  plant  competition,  this  formation  is  limited  on  the  west  by  the 
low  water  content  of  the  soil.  Although  the  physical  environment 
in  the  prairie-grass  formation  is  favorable  to  the  short  grasses,  they 
are  shut  out  by  direct  competition  with  the  taller  and  deeper  rooted 
species.  On  the  other  hand,  as  we  pass  westward  the  prairie  grasses 
are  gradually  shut  out  by  insufficient  water  supply  and  the  short 
grasses  are  left  in  possession.  Within  the  area  of  the  present  investi- 
gations the  prairie-grass  formation  is  represented  only  by  the  bunch- 
grass  association,  the  sand-hills  mixed  association,  and  the  blow-out 
association. 

The  bunch-grass  association  embraces  the  type  of  native  vege- 
tation that,  according  to  early  reports,  originally  occupied  eastern 
Kansas.^  It  extends  northward  in  a  somewhat  modified  form  into 
the  Dakotas  and  southward  in  a  typical  form  far  into  Texas.  It 
pushes  westward  on  sandy  land  into  the  midst  of  the  short-gra^ 
formation,  occupying  lai^e  areas  in  western  Nebraska  and  Kansas, 
eastern  Colorado,  and  northern  Texas. 

The  sand-hills  mixed  association  occupies  extensive  areas  in  sand- 
hill regions,  and  has  practically  the  same  distribution  as  the  bunch- 
grass  on  the  sandy  lands  of  western  Kansas  and  Nebraska,  eastern 
Colorado,  and  northern  Texas. 

The  blow-out  association  represents  the  earliest  stages  of  the 
sand-hills  mixed  association  and  is  highly  developed  only  in  the 
regions  of  moving  sand. 

ASSOCIATIONS  IN  EASTERN  OOLOEADO  WHICH  INDICATE  LAHP 

OF  AOEICULTTTBAL  IMPOETANCE. 

THE  GRAMA-BUFFALO-GRASS  ASSOCIATION. 

General  Appearance. 

Representing  the  most  typical  form  of  the  short-grass  formation, 
the  grama-buffalo-grass  association  presents  an  appearance  of 
extreme  monotony.  The  plant  cover  is  uniform  and  velvet- 
like; in  some  places  it  covers  practically  the  whole  surface  of  the 
ground;  but  in  other  places  it  is  broken  up  into  alternating  spaces 
of  open  ground  and  dense,  mat-like  cover  (fig.  1).  The  amount  of 
soil  surface  covered  varies  from  as  low  as  10  per  cent  to  as  high  as 
90  per  cent.  The  plant  growth  is  usually  closest  where  there  is  a 
mixture  of  buflFalo  grass  and  grama  grass.  Where  grama  grass 
largely  predominates  the  vegetation  is  often  of  the  open-mat  type. 
(See  p.  44.)     In  the  pure  form  of  this  association  there  are  practically 

a  Ilall,  Elihu.    Notes  on  Some  Features  of  the  Flora  of  Eajstem  Kanflas.    Americas 
Journal  of  Science  and  Arts,  vol.  50, 1870,  pp.  34,  35. 
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lo  plante  which  rise  dbove  the  sliort-grass  layer.  Referenre  to  Plate  I, 
igure  1,  will  give  the  beat  idea  of  the  general  appearance  of  this 
type  of  vegetation. 

Botanical  Compos  mo  n." 

In  eastern  Colorado 
the  short-grass  vegeta- 
tion is  composed  almost 
entirely  of  two  species, 
gratna  grass  {Bouteloua 
oligostachya  (Nutt.) 
Terr.,  fig.  2)  and  buffalo 
grassiBuchloSdartyhides 

{Nutt.)Engelm.,fig.  3). 
It  is  not  an  uncommon 

thing  to  find  areas  (PI.  I, 

fig.  1 )  in  which  no  other 

plants   are   apparent. 

Close  examination,  how- 
ever,  will  show  that 

there   are   other   plants 

associated    with   these 

grasses  (fig.  1). 

No   attempt  is  here 

made  to  give  a  complete 

list  of  the  plants  which 

may  occur  in  this  asso- 
ciation   in    addition    to 

grama  grass  and  buffalo 

grass,  but  a  few  of  the 

more  important  species 

are  given  in  tlie  order  of 

their  importance  in  the 

lists  below.  """"  "" ' 

oL'nder  thia  headiiif;  it  m-citiB  bed  tii  f;iv<'  biitani<~al  nampH  with  t'italiona  t>f  the 
author  for  convenience  in  referring  lo  any  Blan<Iar<l  manual  for  a  biilanical  (iescrip- 
tioD  of  the  plants.  Author  citations  are  thus  avoided  in  other  portions  of  the  text 
except  in  connection  with  names  which  <li>  n<it  oci-ur  in  the  lititn  under  this  and  similar 
headings.  The  following  works  will  be  found  to  be  most  useful  iu  i<lentifying  the 
plantsof  this  region:  Itrilton,  Jlanuat  of  the  Flora  of  the  Northern  Suites  and  Canada, 
1901;  Rydberg,  Flora  of  Colorado,  1906;  Robinson  and  Femald,  Gray's  New  Manual 
of  Botany,  1908;  Coult«r  and  Keison,  New  Manual  of  Botany  of  the  Central  Rocky 
Mountains,  1909. 

Specimens  of  the  species  mentioned  in  IbiK  paper  will  be  found  on  deponit  in 
the  National  Herbarium,  with  the  writer'n  identiflcationx  and  reference  U>  thia 
bullelin. 
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The  annual  growth  which  occasionally  becomes  quite  notice&ble 
during  June  is  compoBed  largely  of: 


Festuca  octoflon  Walt. 
Pl&ntago  purahii  R.  &  S. 
Dnibft  inicranthft  Nutt. 
DysodU  papposa  (Veut.)  Uitchc. 


Sabola  peetifer  A.  Nela. 
Munros  equarroea  (Nutt.)  Tcht. 
Leptilon  canadense  (L.)  Brit. 
Chenopodium  leptophylluin  (Moq.)  Xnti. 

The  Festuca  is  the 
moet  important  of 
these  annuals.  It  is 
one  of  the  most  notice- 
able  plants  during  wet 
]»eriods  in  early  spring. 
Often  the  landscape 
ajipears  bright  grwn 
largeh-  because  of  the 
luxuriimt  growth  of 
this  small  annual 
grass.  It  requires  3, 
very  sliort  season  anU 
will  ripen  in  about 
tliirtj-  days.  At  ite 
ripening  ])criod  Ihf 
appearance  of  the 
Itinilscajie  is  brown 
und  dead.  Planiago 
purshii  is  probablr 
as  uniformly  distrib- 
uted but  not  usually 
fw  Hbun<liint  as  the 
Festuca. 

There  is  great  varia- 
tion from  year  to  year 
in  the  amount  ot 
growth  of  these  native 
annuals.  They  are  es- 
pecially abundant  and 
noticeable  during  wet  years.  All  are  diminutive,  the  smaller  plants  of 
each  species  being  hardly  more  than  an  inch  in  height,  wliile  the 
latter  plants  seldom  reach  a  height  of  more  than  6  inches.  They  are 
all  short-season  plants  and  are  able  to  ripen  a  few  seeds  even  uniier 
most  unfavorable  conditions. 

The  following  longer  lived  plants  are  commonly  foiui<l  in  this  fihi>rt- 
grass  cover: 


Fia.  3.— Uuffaii] 
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•chedonnardus  pauiculatufl  (Nutt.)  Tre-  ,  Astragalus  crassicarpus  Nutt. 


lease. 
>puntia  polyacantha  Haw. 
>puntia  fragilis  Haw. 
jlchinocereus  viridillorus  Engelm. 
lamillaria  vivipara  (Nutt.)  Haw. 
falvafltrum  coccineum  (Pursh)  Gray. 
jrrindelia  Bquarroea  (Pursh)  Dunal. 


Sitanion  hystrix  (Nutt.)  Smith. 

Ptiloria  pauciflora  Raf . 

Gaura  coccinea  Pursh. 

Erigeron  canus  Gray. 

Aragallus  lambortii  (Pursh)  Greene. 

Astragalus  mollissimus  Torr. 

Erysimum  asperum  DC. 


Of  the  longer  lived  plants  which  commonly  occur  in  this  short-grass 
?over  one  of  the  most  noticeable  is  the  cactus  (Qpuniia  yolyticaTitha) , 
srhich  forms  extensive  societies  "  at  many  places  in  the  Great  Plains, 
[n  eastern  Colorado  cactus  occurs  commonly,  but  is  seldom  of  impor- 
tance. Evidence  shows  that  it  was  once  far  more  abundant  than  at 
presont,  and  many  of  the  plants  now"  found  are  dying  as  a  result  of 
fire  and  the  attacks  of  parasites. 

Schodonnardus  and  Malvastrum  are  found  almost  everywhere,  but 
thev  never  become  dominant  on  the  native  sod.  Grindelia  in  some 
places  develops  so  abundantly  that  it  becomes  the  most  noticeable 
feature,  dominating  an  extensive  plant  society. 

Most  of  the  plants  listed  have  a  root  distribution  approximately 
the  same  as  that  of  the  short  grasses  themselves.  An  exception  is 
noted  in  the  case  of  the  species  of  Astragalus,  which  are  deeper  rooted, 
but,  on  the  other  hand,  require  only  a  very  brief  growing  season. 

Plants  which  oft^n  occur  here  but  which  are  more  characteristic  of 
other  associations  within  this  formation  are  as  follows: 

Artemisia  frigida  Willd.  '  Sideranthus  spinulosus  (Pursh)  Sweet. 

Guticrrezia  sarothrao  (Pursh)  B.  &  R.         |  Chrysopsis  villosa  Nutt. 
Arifltida  longiseta  Rteud.  '  Eriogonum  effusum  Nutt. 

Pmralea  tenuiflora  Pursh.  i  Liatris  punctata  Hook. 

Agropyron  smithii  Rydb.  (A.  ooridentale  ■ 
Scribn.).  i 

All,  or  nearly  all,  of  the  species  in  the  above  list  are  better  developed 
in  the  wire-grass  association  (p.  48),  and  their  occurrence  amid  short 
grass,  especially  if  they  are  abundant,  indicates  conditions  approach- 
ing those  found  where  the  wire-grass  association  occurs.  Several  of 
these  species  reach  their  highest  development  in  the  Gutierrezia- 
Artemisia  association  (p.  60).  The  significance  of  the  presence  of 
these  species  is  discussed  in  connection  with  these  other  two  associa- 
tions. 

Physical  CoNomoNs  Indicated. ft 

SOURCE    OP   DATA. 

In  order  to  give  a  clear  account  of  the  conditions  under  which  the 
short  grasses  succeed,  it  is  necessar}'  to  present  some  of  the  physical 

•See  footnote  c,  p.  20. 

ft  The  physical  conditions  of  land  originally  occupied  by  vegetation  of  this  type 
vhen  under  cultivation  are  discussed  on  p.  70. 
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data  obtained  at  Akron,  Colo.,®  during  the  growing  season,  from  June 
2  to  September  27,  1909. 

In  presenting  these  data  only  such  records  as  are  indispensable'  to 
the  explanation  of  the  conditions  indicated  by  the  different  associa- 
tions iire  included.  Temperature,  light,  evaporation,  etc.,  are  prac- 
tically imiform  throughout  eastern  Colorado.  The  seasonal  distribu- 
tion of  rainfall  or  the  monthly  rainfall  is  of  far  greater  importance 
than  annual  rainfall,  and  is  given  here  in  order  to  help  explain  the 
conditions  found  in  the  different  associations.  Rainfall  is  the  same 
for  the  different  plant  associations,  and  although  this  factor  is  di^ 
cussed  under  only  this  one  association  the  discussion  applies  equally 
to  the  others. 


RAINFALL. 


The  following  is  the  daily  rainfall  record  in  inches  for  the  entiiB 
growing  season  of  1909  as  recorded  by  the  Physical  Laboratory  of  the 
Bureau  of  Plant  Industry  at  the  Akron  Experiment  Farm.*  This 
record  gives  a  very  good  idea  of  the  daily  distribution  of  rainfall  and 
is  indispensable  in  interpreting  the  soil-moisture  curves  (figs.  5,  6,  7, 
8,  9,  and  10).  A  comparison  of  the  diagrams  in  figure  4,  as  well  as  a 
comparison  of  the  actual  data  on  which  these  are  based  as  given  in 
Tables  I  and  II,  show  very  clearly  that  the  season  during  which  the 
soil-moisture  determinations  were  made  was  unusuallv  wet. 

Table  I. — Days  of  rainfall  and  the  amount  of  daily  rain  at  Akron,  Colo.,  April  1  to 

September  SO,  1909. 


Day  of  the 

Rainfall  in  inch<>«. 

1 

'   Day  of  the 
month. 

1 
1 

Rain&Il  in  ixkcbes. 

month. 

Apr. 

May.  June. 

July. 

Aug. 

Sept. 

Apr. 

May. 

June.'  July.  An|;.  Sept 

1 

1 

0.06 
.01 

0.13 

1.12 

.23 

.04 

19 

,                     1 
a42  1  0.02    ■ ' 

2 

20 

21 

0.14 

.31       .08 

4 

0.14 
.00 

0.02" 

aoi  1   

5 

.01 

22 

.06    i      - 

(i 

1.02 
.07 
.04 

l.(Xi 

.01 

2.39 

.32 

.09 

23 ■ 

.06 
.17 
.08 

* 

7    .   ... 

.02 

Tr. 

0.48 
.96 

Tr. 

24 

.07  1     .08     6.06   

8 

25 1 

9     ...          

27 

1     .80         

10 

"".64' 

. :«) 

28 

.12    

11 



.  Jh 

1 

29 

80  ' 

12 

0.04 

.36 
.28 

30 1 

.34    1 ' ' 

13 

31 - 

.19    .«   

14 

.74 

Total. 

*i  . . . .  w. .  • .  • 
17 

.(Ni 

1 

.40      1.87 

3.  .12     4.01  .3.77      i*'^ 

18 

A'A 

1           1 

«  The  writer '8  headquarters  during  the  seajson  of  1909,  when  the  data  here  predated 
were  largely  obtained,  were  at  the  experiment  farm  of  the  Office  of  Dry-Land  Agri- 
culture, 5  miles  east  of  Akron,  Colo.  The  farm  is  located  in  an  area  covered  by  Aort- 
gra^  vegetation. 

t>  Free  access  to  the  records  in  the  office  of  the  physicist  of  the  Bureau  of  Plant  In- 
dustry was  accorded  the  writer.  To  Dr.  L.  J.  Briggs  the  writer  is  indebted  for  the 
records  of  rainfall  and  evaporation  at  the  Akron  Experiment  Farm,  for  moisture 
equivalent  and  hygroscopic  moisture  determinations  of  many  soil  samples,  and  fot 
many  determinations  of  moisture  content  on  the  cultivated  plats.  Although  not 
here  included,  these  records  greatly  aided  in  the  general  discussion  of  the  conditions 
favorable  or  unfavorable  for  crop  production  on  the  short-grass  land. 
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iBtB  J  I. — Average,  maximum,  and  minimum  rrumthlti  rainfall  recorded  altuvtveetatioru 
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The  average  monthly  rainfall,  as  shown  in  Table  II,  is  based  on 
Jl  of  the  montblj-  records  up  to  and  including  1908  for  the  follow- 
Qg  stations  in  eastern  Colorado:  Akron,  Fox, 
Pallet,  Burlington,  Holyoke,  Wray,  Cheyenne 
ffells,  Julesbui^,  Yuma,  Cope,  Sipbert,  and  I^eroy. 
rhe  average  length  of  record  for  the  twelve  sta- 
ions  ia  13.4  years,  and  tliese  data  should  give  a 
rerj'  good  general  idea  of  the  distribution  and 
UDotint  of  monthly  rainfall  fur  this  portion  of  the 
Great  Plains.  The  least  and  the  greatest  monthly 
runfall  are  also  of  interest  to  show  the  extremes. 

The  annual  rainfall 
ilo&e  gives  almost  no 
idea  of  the  conditions 
favorable  or  unfavor- 
able for  crop  ])roduc- 
tion,  for  crop  failures 
often  occur  during  the 
years  with  the  greatest 
annual  rainfall.  The 
average  annual  rainfall 
for  the  twelve  stations 
is  17.40  mches.  The 
greatest  annual  rain- 
fall for  this  r^on  was 
recorded  at  Cope  in 
1S98    and  was    28.4S 

inches,  while    the  low-  ^^  ,._Dfwnun«  ibowliic:  a.  TU*  n^rng,  moDtbly  piwdpltotloo 
annual      rainfall,     baaed  upon  ill  ncordilniin  twelve  atatlong  ]□  eOBlern  Cotondo:  B, 
wosi      in     "*  fslntaU  M  Akron,  Colo.,  maaoa  of  1B09,  (or  tba  raonllu  April 
woo      m     ^  SeptOTiber,  InolnalvB. 

1893,  at   Fox,   a  few 

■"liles  distant  from  Cope.  There  is  no  evidence,  either  from  the  vege- 
tation or  from  the  oldest  of  the  Weather  Bureau  records,  that  the 
rainfall  is  permanently  increasing  or  decreasing  in  amount," 

'l'.  S.  Weather  Bureau,  PrecipiUtion  in  We8t«tDKaD8as,AbBtract  of  DataNo.  2, 1907. 


5-70  inches, 
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SOIL-MOISTURE  CONTENT. 


Soil-moisture  determinations  were  taken  on  the  Akron  Expe 
ment  Farm  twice  a  day  from  June  10  to  September  10, 1909."  Tl 
sampling  was  done  with  a  soU  tube.  In  the  morning  samples  we 
taken  to  a  depth  of  6  feet,  the  first  3  feet  being  in  6-inch  sampl 
while  the  second  3  feet  were  taken  in  samples  of  1  foot  each.  In  t\ 
evening  samples  were  taken  for  each  6  inches  to  a  depth  of  3  fe 
only.  Each  sample  for  a  given  depth  consisted  of  three  cores.  Sc 
eral  series  of  samples  were  taken  before  June  10  and  one  series 
samples  on  September  27,  thus  extending  the  records  from  June 
to  September  27.  In  collecting  this  series  of  samples  care  was  tak< 
to  select  spots  where  comparatively  pure  short-grass  cover  occurra 
Samples  were  taken  as  near  together  as  possible,  but  with  precui 
tions  to  insure  against  the  effect  of  water  penetration  from  the  hole 
where  previous  borings  were  made.  The  samples  were  thorouofih 
dried  in  an  oven  at  100"^  C.  and  the  moisture  content  expressed  ii 
percentages  of  the  dry  weight  of  the  soil. 

The  seasonal  variations  in  available  soil  moisture,  as  calculated 
from  the  results  of  the  daily  sampling  just  described,  are  shoi*Ti  in 
the  curves  in  figures  5,  6,  7,  8,  9,  and  10.     Each  curve  is  imde  upol 
184  points,  except  that  curves  for  the  soil  below  36  mches  contain 
only  95  points.     The  fluctuations  observed  in  these  curves  aw  Jw 
largely  to  variations  in  the  texture  of  the  soil.    These  variations 
occur  even  at  the  short  distances  apart  at  which  the  corresponding 
samples  were    taken    on  successive   dates.      This  is  especially  true 
with  respect  to  the  curves  representing  the  water  content  in  the  deeper 
layers  of  the  soil.     In  many  places  where  the  detennination  showed 
a  low  moisture  content  the  soil   sample  was  sandy;  where  high  tta 
soil  contained  more  clay.     If  it  had  been  possible  to  check  each  inSr 
vidual  determination  by  a  moisture  equivalent  or  nonavailable  moist" 
ure   determination^   the    curves  would  show  much  less  variation. 
However,  the  general  trend  of   the  curve  is  not  vitiated  by  the« 
fluctuations,  since  it  is  clear  that  they  do  not  represent  actual  ?«« 
and  loss  in  water  but  are  the  result  of  extremely  local  variatioib  M 
soil  texture. 

The  curves  are  hase<l  upon  determinations  of  actual  water  conte^ 
corrected  to  represent  the  amount  of  water  available  to  the  roots  of 

«    rof  L.  F.  Childere,  now  of  the  Idaho  Experiment  Station,  assisted  the  xmterit 
mer  "^nm   ^^"^'^^  ^"""^  ""^  ^®  ^ur^n  of  Plant  Industry  at  Akron  during  the  flun- 

*  See  footnote,  p.  ig. 
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[ubanka  wheat,  as  estimated  from  the  moisture  equivalent  of  soil 
rem  each  depth."  In  order  to  read  them  in  terms  of  the  actually 
bserved  water  content  it  is  necessary  to  add  to  the  percentage  rep- 
esented  at  each  point  on  the  curves  for  the  respective  depths  the 
lercentages  recorded  in  Table  III. 

'able  III. —  Wat^r  nonavailable  for  Kuhanka  wheat  in  percentages  qfdry  weiahl  of  soil, 

estimated  from  the  mhisture  equivalent  of  a  composite  sample  of  all  soil  taken  at  each 
dtpth.a 


Depth  In 
inches. 


0-  6 
l>-12 

12-18 


Per  cent. 


9.6 
14.5 
12.8 


Depth  in 
Inches. 


18-24 
24-30 
30-36 


Percent. 


10.5 
9.2 
7.9 


Depth  In 
,  Inches. 

PdToent. 

36-48 

1      48-00 

60-72 

1 

7.1 
7.0 
6.3 

The  most  interesting  thing  brought  out  by  tliese  curves  is  the  fact 
ihat  during  the  period  of  observation  the  rainfall  did  not  at  any  time 
liter  the  water  content  of  the  soil  below  the  first  18  inches.  In  fact, 
Ihe  curve  representing  the  depth  12  to  18  inches  was  not  influenced  by 
ft  rainfall  of  as  much  as  2.40  inches  on  July  7  (fig.  5),  nor  by  any  of 
the  rains  which  occurred  later  in  the  season  (figs.  5  and  6). 

A  rainy  period  during  the  last  of  May  and  early  June,  before 
regular  soil  sampling  was  begun,  influenced  considerably  the  soil 
below  18  inches,  as  is  shown  by  the  subsequent  general  decline  of  the 
curves  for  18  to  24  and  24  to  30  inches  (fig.  7,  A;  fig.  8,  A),  from  June 
10  to  about  July  22,  after  which  they  remain  approximately  con- 
stant. The  curves  (fig.  7,  B;  fig.  8,  B)  show  that  the  moisture 
content  of  this  soil  below  3  feet  was  not  increased  at  any  time  during 
the  season  as  a  result  of  precipitation  occurring  after  the  sampling 
was  begun  and  that  on  this  hard  land,  even  during  the  period  when 
there  was  much  more  than  the  normal  rainfall,  the  soil  moisture 
available  for  Kubanka  wheat  was  limited  to  the  surface  3  feet  of 
the  soil. 

Table  IV  summarizes  the  average  available  and  nonavailable  water 
between  certain  dates  for  each  depth  of  the  soil,  and  shows  clearly 
the  periods  when  water  was  available  or  not  available.  The  average 
for  each  depth  for  the  whole  period  is  also  given. 

*  See  Table  XII,  p.  78,  and  footnote.    The  particular  \ot  of  seed  used  in  the  pot- 
culture  experiments  by  which  the  nonavailable  moisture  was  determined  for  Ku- 
banka wheat  was  that  distributed  by  the  Department  of  Agriculture,  under  Seed  and 
Plant  Introduction  No.  5639. 
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Table  IV. — Periods  when  water  was  available  and  amount  at  each  depth,  in  percentage 
of  dry  weight  of  soil,  also  general  average  at  each  depth  for  the  whole  season^  June  7  to 
September  10,  1909. 


Depth  of  soil  sampled 
(Inches). 


0-6... 


6-12. 


12-18. 


18-24. 


24-;». 


30-30. 

36-48. 
48-riO. 
60-72. 


Period. 


June  7  to  June  24  a.  in 

June  24  p.  m.  to  July  0 

July  7  to  July  19  a.  m 

July  19  p.  m.  to  July  26 

July  27  to  August  4  a.  m 

August  4  p.  m.  to  August  7 . . . 
August  8  to  August  27  a.  m. .. 
.\ugust  27  p.  m.  to  August  31 . 
September  1  to  September  10. 
September  27 


June  7  to  July  22  a.  m 

July  22  p.  m.  to  September  3. 
September  4  to  September  10. 
September  27 


(June  7  to  July  18  a.  m 
July  18  p.  m.  to  September  10. 
September  27 


(June  7  to  Julv  19 
July  20  to  September  10. 
September  27 


June  7  to  July  19 

July  20  to  September  10. 
September  27 


September  27. 

. . . ,do 

do 

do 


Avenge  percentap 
of  availaole  vtur. 


For  period. 


9.8 
1.56 
7.82 
1.71 
4.tu 
2,51 
•1.23 
2.32 
12.  Rl 
1.0 

5lI»7 
.*> 
4.08 
2.8 


4.^ 

1.54 


-   1. 


1.2 

1.2 

.3 

.3 


Forvfaih 


3-23  . 

1.43 

2.0 


1.72   I 

-     .81    { 


4.S 


L2 


.01 

.A 


As  previously  shown  (fig.  4,  p.  29),  the  sciuson  of  1909  was  abnor- 
mally wet.  Notwithstanding  this  fact,  there  were  three  perimk 
when  practically  no  water  was  available  in  any  depth  of  the  soil 
reached  by  the  borings.  These  periods  were  from  the  evening  of  Julv 
23  to  the  evening  of  July  26,  inclusive;  from  the  evening  of  August  4 
to  the  evening  of  August  7,  inclusive;  and  from  the  morning  of  August 
28  to  the  evening  of  August  31,  inclusive. 

Below  6  inches  there  was  no  available  water  from  July  22  to  Sep- 
tember 3,  and  below  12  inches  there  was  none  available  later  than  July 
19.  Water  was  available  in  the  soil  at  the  depth  of  30  to  36  inches 
during  only  a  few  days  in  June,  and  there  is  no  evidence  to  show  that 
water  was  again  available  in  this  layer  after  June  11.  The  soil  beJoir 
a  depth  of  36  inches  was  not  influenced  by  the  rainfall  and  its  water 
content  was  practically  constant  through  the  season. 

It  is  evident  that  except  as  an  immediate  result  of  the  rainfall  of  a 
single  day  no  water  was  available  at  any  depth  after  July  22,  and 
that  even  at  such  times  the  water  available  was  found  onlv  in  the 
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urface  foot  of  soil.  For  the  period  July  22  to  September  1  the  only 
vailable  water  at  any  time  was  in  the  surface  6  inches.  The  second 
-inch  layer  was  only  slightly  aflfected  by  several  rather  heavy  rains, 
,nd  was  brought  above  the  nonavailable  point  by  only  two  heavy 
ains^  August  31  and  September  1.  It  is  also  interesting  to  see  that 
Qore  than  three  days  passed  before  the  water  added  by  these  rains 
»ccasioned  an  increase  in  the  water  content  of  the  second  6  inches. 

The  water  content  of  the  first  6  inches  varied  more  than  that  of  any 
>ther  depth.  During  the  season  the  water  content  of  this  first  6-inch 
ayer  fell  below  the  available  for  several  days  at  four  different  periods. 
The  water  content  of  the  soil  from  6  to  12  inches  remained  below 
;he  available  for  a  long  period,  July  22  to  September  3,  and  also  for 
;he  three  days  July  5  to  7.  The  water  content  of  the  soil  from  12 
to  18  inches  did  not  fall  below  the  point  of  availability  until  July  18, 
but  after  that  date  did  not  again  rise  to  this  point  although  many 
heavy  rains  were  recorded.  The  same  is  true  of  the  soil  at  depths  of 
18  to  24  inches  and  24  to  30  inches. 

A  comparison  of  the  rainfall  at  Akron  during  the  season  when  these 
soil-moisture  records  were  made  with  that  of  the  average  season  for 
twelve  stations  in  eastern  Colorado  (fig.  4)  shows  clearly  that  the  sea- 
sonal rainfall  was  not  only  greater  than  the  normal,  but  also  that  the 
period  of  greatest  monthly  rainfall  began  one  month  later  and  con- 
tinued one  month  later  than  the  normal.  This  being  true  it  is  proba- 
ble that  in  a  normal  year  the  period  of  drought  would  occur  much 
earlier  in  the  season  and  that  conditions  would  be  much  less  favorable 
for  the  growth  of  plants.* 

The  point  at  which  the  water  content  of  the  soil  becomes  nonavail- 
able for  Kubanka  wheat  is  comparatively  low.  From  many  obser- 
vations in  the  field  during  several  seasons  and  from  experiments  in 
the  laboratory  it  is  believed  to  be  almost  as  low  as  that  representing 
the  nonavailable  for  many  of  the  native  plants  of  the  grama-buffalo- 
grass  association.  This  probability  is  supported  by  a  consideration 
of  the  moisture  content  of  the  soil  below  6  inches  (fig.  6),  which  is 
protected  from  direct  evaporation  by  the  soil  above.  Nothing  in  the 
curves  indicates  that  the  native  plants  still  extracted  water  from  the 
deeper  layers  of  the  soil  when  their  water  content  was  below  the  avail- 
able minimum  for  Kubanka  wheat. 


"  Daily  soil-moisture  determinations  on  this  type  of  land  to  a  depth  of  10  inches,  at 
Yuma,  Colo.,  during  July,  1907,  showed  available  water  in  the  soil  during  only  seven 
^ys  in  the  month,  and  occasional  determinations  during  August,  1907,  showed  the 
■oil  to  be  much  drier  even  than  during  July. 
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A  great  quantity  of  rainfall  runs  off  directly  and  never  enteiB  the 
soil.  The  extent  of  the  run-off,  indicated  by  the  many  large,  dry, 
gravelly  Btream  beds  which  are  found  in  short-grass  regions,  hjta 
been  demonstrated  by  actual  observation  during  heavy  rains  and  by 
the  measurements  here  recorded.  From  the  results  of  the  moisture 
determinations — the  weight  of  the  soil,  the  percentage  of  water  it 
contains,  and  the  amount  of  precipitation  being  known  in  each  case — 
the  quantity  of  water  which  entered  the  soil  and  the  quantity  of  run- 
off was  easily  computed.  At  the  place  where  the  soil  samples  were 
taken  and  the  run-off  measured  the  land  was  comparatively  level 
It  was  possible,  however,  for  water  to  drain  over  this  area  from  the 
land  adjacent  on  the  north,  and  consequently  the  run-off  recorded 
from  this  particular  area  was  lower  than  the  average  for  the  region. 

The  results  of  all  racordsof  run-off  at  the  basestation  at  Akron,  Colo., 
from  June  1 1  to  September  10  are  given  in  summary  form  in  Table  V, 


Fia.  S.— DiaKram  sbovlng  tbs  dally  available  soil  molitore,  rrom  morDlng  and  erenlng  detennlDJilim 
(arpwb  r>-lncbla}'<>r,0-13inc)iC8,lnpureBhgrl-grautond,>t  Akron,  Colo,,  Dry-Land  Agricaltun  Eipvi- 
menl  Fam,  June  and  July,  J90B, 

The  figures  represent  the  average  of  the  total  quantity  of  water  which 
entered  the  soil  and  which  ran  off,  expressed  in  percentages  of  the 
total  rainfall;  they  are  not  the  results  of  averaging  the  percentages 
of  run-off  and  penetration  for  each  individual  rain. 

o  Variationin  the  water  coDtent  of  the  surface  soil,  in  the  rate  &nd  amount  of  precipi- 
talion,  in  the  physical  condition  of  the  soil  eurface,  and  Id  the  elope  all  affect  the 
amount  of  run-off.  The  run-.(iff  from  the  game  area  will  therefore  vary  greatly  at  diffef- 
ent  limes.  The  data  given  in  Tables  VI  to  XI,  inclumve,  were  oblaiaed  at  points 
where  the  slope  of  the  land  and  the  rate  and  amount  of  precipitation  were  the  same, 
the  chief  factors  which  produced  the  variation  having  been  differences  in  the  wattr 
content  of  the  soil  and  the  physical  condition  of  its  surface.  Comparisons  of  the  data 
Riven  in  any  one  of  these  tables  with  those  in  any  other  must  be  checked  by  reference 
to  the  continuous  record  made  at  the  base  station.  Direct  comparisons  of  one  table 
with  another  will  lead  to  entirely  erroneous  coaclusioos. 
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Ratna  oro.10  Inch  or  more.. 

Rains  of  1  Inch  or  more 

RalnsotO.SOtol  Inch 

RalnofO.lOloO.Mlncb 


"With  a  rainf&ll  of  less  than  half  an  inch  the  soil  invariably  received 
more  than  100  per  cent  of  the  precipitation.  This  indicates  that  there 
was  some  drainage  to  this  land  from  higher  levels  and  that  the  above 
data  on  run-off  represent  leas  than  would  actually  occur  on  a  larger 
and  more  representative  area.  In  order  to  check  these  results,  which 
were  obtained  at  a  single  base  station,  measurements  were  made  to 
determine  the  amount  of  water  that  penetrated  the  soil  as  a  result  of 
the  rain  of  0.89  inch  on  the  night  of  August  31,  1909,  at  the  base  sta- 


Fra.  6.— Dl*giBm  abavtng  tbe  daJly  EVBllsble  nil  moisture,  from  mornlnf!  and  evening; 
dMermloaUoDS  tor  each  e.liich  layer,  0-lS  lachea,  In  pure  ghort-grsn  land,  at  Akron, 
Colo.,  Dry-Land  AgricultuiB  Eiperlment  Farm,  August  and  Beplomber,  1909. 

tion  and  at  five  other  points  chosen  to  show  the  normal  run-off  for 
short-grass  land  during  this  rain.     The  results  are  given  in  Table  VI. 


The  data  throughout  the  season  at  the  biu^e  station  show  that  15 
per  cent  of  the  rainfall  did  not  enter  the  soil.     Comparisons  with  the 
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measurements  at  dve  other  points  show  that  the  run-off  at  the  base 
station  was  much  below  the  average  for  land  covered  with  short  grass. 
The  average  nin-off  during  this  rain  for  the  base  station  and  the  five 
other  points  was  37  per  cent,  while  the  run-off  at  the  base  station  alone 
was  only  10  per  cent.  If  the  seasonal  averEtge  at  the  base  station  was 
proportionately  low,  the  run-off  from  the  six  points  must  have  aver- 
aged about  one-half  of  the  total  rainfall  for  the  same  period. 


The  rate  of  water  toss  after  penetration  from  short-grass  land,  esti- 
mated from  determinations  of  the  water  content  of  the  soil  and  from 


Fra.  7.— IMsgmiu  Bhowlnf!  Ihe  dally  avnllalile  mil  modture  In  pure  short-gnwa  Und.  M  Akron.  OAl. 
Dr7-I.and  Agrtculluiv  Experiment  Farm.  lima  and  Jut;,  IMM:  J ,  From  monilni;  uid  sTenlnf  drni- 
mlnHtions  lor  eocb  S-lnch  layer,  18-36  inches:  B,  Irom  morning  delermlnmtlaai  Idr  eadi  13.ii>di  b^, 

3fi-TI  Inchea. 

rainfall  records,  with  correlation  made  for  run-()ff  during  each  indi- 
vidual rain,  is  given  in  Table  VII. 

Tablr  VII,- — -Irfroffe  doily  I'isi  of  water  per  tquare/oot  oj  imfare  from  thorl-gma  Ima 
andfnim/rfc  water  mtrfnrf/nr  digrrent  pmoai  dvrtng  the  inuon  o/grovth. 


[      in    pounds    pr 
square  IdoI  (<- 


Jiily27  1oSrpl*nilJtrlo .«  I  IB 

June  11  loSfiitemtiiTlO... .6T  j  If 

iThecvuporalion  iliiIHan' lakrn  from  ncasunmenU  made  under  tbe  dlnction  of  Dr.  L.I.  BrifP.i' 
the  Phj-siml  1  jilMirolory,  Hmmu  or  Plant  !ndu9lr>',  at  the  Akron  Eiperlmenl  Farm. 

Table  VII  shows  a  marked  decrease  after  July  27  in  rate  of  loss  of 
water  from  land  covered  with  short  grass.     This  is  to  be  explainwl 
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lai^ly  by  the  fact  that  the  short  grasses  were  ripe  at  about  that  time 
md  transpiration  from  the  plant  cover  had  therefore  greatly  dimin- 
ished. These  data  are  especially  interesting  in  showing  that  tran- 
jpiration  by  the  short  grasses  (when  in  good  growing  condition)  and 
evaporation  from  the  soil  itself  exhaust  an  amount  of  water  equiva- 
lent  to  the  entire  average  rainfall  of  the  period  from  April  to  August, 
inclusive,  in  about  sixty-five  (lays;  or  exhaust  the  rainfall  of  the  grain- 
growing  season,  April  to  July,  in  about  fifty-three  days. 

A  comparison  of  the  rate  of  loss  for  the  two  periods,  June  11  to 
July  7,  and  July  27  to  September  10,  will  throw  light  upon  the 
question  of  how  much  of  the  water  taken  out  of  the  soil  waa  due  to 
the  transpiration  of  the  short-grass  vegetation.  During  the  first 
period  this  vegetation  was  luxuriant,  and  as  s  partial  consequence 
the  average  daily  water  loss  was  high,  1.07  pounds  per  square  foot. 


no.  a— IHiemn  sbowtng  the  dallr  iTsilible  aolt  moMora  la  pore  thort'gnM  land, 
■t  AkniD,  Colo.,  Dry-Land  AgrtcDltuis  Experimeat  Finn,  August  uid  Beptemtier, 
190):  A ,  FnKD  macnlng  ud  evenliig  deWnnlmtloiu  for  etcb  B-lnch  layer.  I!i-3fl  Inthel; 
B,  fnjm  maniJDE  detannJBiUoiu  Inr  eacb  12-JiiGb  layer,  30-72  incbes. 

During  the  last  part  of  the  season  the  short  gras.ses  were  nearly  dor- 
mant and  the  rate  of  loss  was  low,  0.1'2  pound  per  square  foot  of 
surface.  This  would  indicate  that  considerably  more  than  one-half 
of  the  water  loss  from  June  1 1  to  July  26  was  due  to  the  transpiration 
of  the  short-grass  vegetation,  wlule  considerably  less  than  half  was 
due  to  direct  evaporation  from  the  soil. 

The  evaporation  data  in  the  right-hand  column  show  that  the 
difference  observed  in  the  rate  of  loss  of  water  from  the  soil  during 
the  two  periods  was  not  due  to  differences  in  the  evaporating  power 
of  the  air.  Reference  to  the  curve  of  water  content  of  the  soil  for 
the  first  6  inches  (figs.  5  and  6)  also  shows  that  the  differences  in  rate 
of  loss  of  water  can  not  be  explained  on  the  basis  of  differences  in 
the  rate  of  evaporation  from  the  soil  due  to  change  in  its  moisture 
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content.  It  seems  safe  to  assume  from  these  data  that  the  transpira- 
tion from  the  short-grass  cover  during  its  period  of  active  growth  is 
responsible  for  considerably  more  than  50  per  cent  of  the  water  loss, 

Abaptation  op  SaoRT-GRAex  Vsgwation  to  Phtsicai.  CosumoHS. 

The  above  data  s)iow  that  the  conditions  on  pure  short-grass  land 
are  such  as  to  limit  the  depth  to  which  water  penetrates,  even  after 
heavy  rains,  to  a  few  inches  of  the  surface  soil.  The  soil  b  onlj 
rarely  wet  down  to  a  foot  or  two.  Almost  the  entire  root  system  of 
the  short  grasses  is  limited  to  the  surface  18  inches  of  soil  (fig,  HI. 
The  water  which  actually  enters  the  soil  is  rapidly  lost  by  the  tran- 
spiration of  ttie  short  grasses  and  by  direct  evaporation.    Deep-rooted 


Fio.  0.— Dlagnma atunrlni:.  at  Akron,  Colo,,  Dry-Laod  Agrleultura  Experiment  Firm:  A.  The  ddr 
STBiblilc  soil  mobiture.  from  inomlnit  and  eitnlug  detcrmlnstlans  tor  teyen  o[  soil  at  depUu  ol  0-IS 
lH-:i'i,  and  11^72  lm'tieH.ro9[in*tl\-ply,  In  pure  slwrt-giH  land,  Jane  and  July,  Iwn;  fi.  the  dally  raJnfeU 
from  June  T  la  Jn1y;il,]Hi>g. 

plants  are  not  found  hore  for  the  reason  that  at  greater  depths  the 
soil  contains  no  water  available  for  their  use. 

Short-grass  vegetation  is  also  as  indicator  of  a  rather  short  seasoo 
favorable  for  growth.  In  this  plant  asso<:iatJoD  the  growing  seasoD 
is  determine<l,  not  by  the  length  of  period  of  suitable  tempwratur^. 
but  by  the  length  of  the  period  when  the  soil  moisture  is  suffi<-ieot  to 
maintain  growth.  Grama  grass  requires  approximately  sixty  days 
For  maturing  and  often  fails  to  ripen  its  seed,  lai^ely  because  of  insuf- 
ficient water  supply.  Buffalo  grass  usually  flowers  and  fruits  early 
in  the  season,  but  when  the  early  season  is  dry  its  fruiting  may  occur 
at  any  time  during  the  summer  when  the  water  supply  is  sufficient. 
It  usually  blos-foms  in  May,  but  during  the  season  of  1908  in  portions 
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of  the  Great  Plains  did  not  flower  until  the  latter  part  of  August. 
The  principal  adaptation  of  these  grasses  to  arid  conditions  seems  to 
lie  in  their  ability  to  dry  out,  as  do  many  lichens  and  mosses,  and  to 
revive  quickly  when  water  ia  again  supphed.  During  periods  of 
excessive  precipitation  both  species  of  graases  grow  and  fruit  luxuri- 
antly. In  all  probability  they  would  thrive  much  better  under  con- 
ditions of  increased  water  supply  were  it  not  for  the  fact  that  under 
these  conditions  competition  with  other  species  becomes  too  severe 
and  the  short  grasses  are  shut  out.  These  short  grasses  have  a  very 
extensive  surface-root  system  (fig.  II)  and  are  especially  adapted  to 
conditions  found  in  the  Great  Plains  region  on  this  type  of  land. 
After  a  slight  rain,  when  only  the  first  few  inches  of  the  soil  becomes 


Fia.  10.— DlRgnms  ihovlng,  M  Akron,  Colo.,  I>ry-LaDd  Ajirlcultiire  Eiperlment  Farm; 

A,  The  dally  avaJlabls  Ml  molstuiF,  tram  mamlne  and  evenlni!  delenniDstlana  lor 
layen  a[  »Jl  at  di^tha  at  0-18.  lH-lf-,  uid  36-72  lochea,  respertlvely,  la  puni  slton-RrHS 
lud,  Augiul  uid  September,  IBOO:  B.thedallyralnlall,  August  I  (o  September  77,1909. 

wet,  these  plants  are  able  to  absorb  water  and  grow.  An  enforced  rest 
seems  to  do  them  no  injury,  and  with  the  next  shower  they  are  able 
to  continue  their  growth.  Practically  the  same  thing  is  true  of  the 
other  species  listed  (p.  27)  as  occurring  in  this  short-grass  asso- 
ciation. 

During  years  of  more  favorable  water  supply  an  increased  growth 
of  annuals  takes  place.  These,  however,  are  usually  found  in  the 
grass  mats  (fig.  1,  p.  17),  probably  because  of  the  fact  that  here 
tbe  moisture  conditions  are  more  favorable  for  germination.  The 
shade  afforded  by  the  grasses  does  not  seem  to  be  the  deciding  factor, 
since  the  seeds  of  many  of  the  Great  Plains  species  germinate  better 
in  light  than  in  shade. 
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Conditions  are  not  very  favorable  for  the  development  of  annuals 
on  the  short-grass  land.  A  glance  at  the  curve  of  available  water 
(figs.  5  and  6)  will  show  that  seldom  even  during  a  wet  year  is  the 
water  content  of  the  surface  6  inches  of  the  soil  high  enough  for 
growth  during  a  period  of  more  than  a  few  days  at  a  tune.  A  rapid 
root  development,  as  well  as  ability  to  resist  desiccation,  are  essential 
to  the  successful  growth  of  annuals  in  this  environment.  They  also 
show  remarkable  ability  to  adjust  the  amoimt  of  growth,  and  heoM 
the  time  of  flowering  and  fruiting,  to  the  supply  of  moisture  available. 

The  texture  of  the  soil  indicated  by  short-grass  vegetation  in  this 
r^on  is  a  loam,  the  type  of  land  known  locally  as  "hard  land," 
similar  to  that  called  "tight  land"  in  Texas. 

m 


in 

Fia.  11.— Sketch  sbowing  root  ByBlems  IlmJled  la  the  nu&ce  nil  la  the  Kisma-bulbktfms  m 
tlon.    Grama  grasa,  a;  buffalo  gran.  h. 

Tbe  Effect  of  Dibtubbino  Factors. 


The  effect  of  breaking  or  plowing  under  the  short-grass  cover  on 
land  that  is  subsequently  abandoned  is  most  marked.  It  results  in 
starting  a  succession  which  requires  from  twenty  to  fifty  years  to 
complete  itself  by  reestablishing  on  the  area  the  same  vegetation  as 
that  turned  under.  The  effect  of  breaking  varies  somewhat,  and  the 
succession  which  ensues  is  determined  more  largely  by  the  physical 
conditions  than  by  the  composition  of  the  adjacent  vegetation.  The 
conditions  for  seed  dispersal  by  wind  are  so  favorable  on  the  Great 
Plains  that  new  land  can  be  seeded  by  plants  growing  many  miles  away. 
The  plants  wliich  enter  this  new  area  are  consequently  not  necessarily 
those  found  immediately  adjacent  to  the  area.  It  often  happens  that 
a  vegetation  of  Guticrrezia  and  Artemisia  establishes  itself  upon 
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plowed  land  which  is  in  close  proximity  to  an  area  occupied  by  the 
wire-grass  association,  and  vice  versa.  Many  examples  of  this  kind 
show  clearly  that  the  physical  conditions  are  more  important  in  deter- 
mining what  the  succession  shall  be  than  the  relative  number  of  seeds 
of  the  different  species  which  are  carried  into  the  denuded  land.  If 
the  vegetation  has  been  derived  from  the  Gutierrezia^Artemisia  asso- 
ciation (p.  60)  and  occurs  on  land  exhibiting  the  environmental  condi- 
tions that  favor  that  association,  breaking  will  result  first  in  a  ruderal 
or  weed  stage  composed  of  annuals  or  short-lived  plants.  This  will 
be  foUowed  by  a  mixed  vegetation  in  which  Gutierrezia  (fig.  22,  p.  66) 
or  Artemisia  (fig.  23,  p.  67)  predominate  or  are  associated  (PI.  II, 
fig.  1).^  Short  grasses  will  gradually  enter,  and  the  later  stage  of 
this  succession  will  show  sharply  alternating  areas  of  short  grass  and 
of  Artemisia  or  Gutierrezia.  The  complete  reestablishment  of  the 
short-grass  cover  will  be  very  slow  and  will  probably  not  be  fully 
accomplished  inside  of  thirty  to  fifty  years. 

If,  however,  the  composition  of  the  short-grass  vegetation  is  more 
nearly  related  to  that  of  the  wire-grass  association  (p.  48),  and  the 
conditions  are  therefore  more  favorable  to  this  association  than 
to  the  Gutierrezia-Artemisia  association,  breaking  will  result  in 
throwing  it  back  into  the  wire-grass  association  and  the  succession 
will  then  be  as  follows:  First,  an  initial  ruderal  or  weed  stage  ^ 
not  differing  essentially  from  that  mentioned  above.  This  stage 
is  only  temporary.  Either  of  the  two  grsiSQeB,  Schedonruirdiis 
panicviaius  and  Sitanion  hystrix,  mark  the  end  of  the  ruderaj  stage 
or  the  beginning  of  the  permanent  stage  in  this  succession.  Wire- 
grass  {Aristida  longiseta,  fig.  13,  p.  49)  will  then  gradually  become 

<>In  the  northeni  or  northwestern  portion  of  the  Great  Plains  Artemisia  frigida  will 
probably  predominate,  while  in  the  southwestern  portion  OtUierrezia  sarothrae  will 
predominate.  In  the  central  or  west-central  region,  the  portion  especially  considered 
in  this  paper,  either  or  both  species  will  become  dominant  in  this  stage. 

b  The  ruderal  stage  varies  considerably  from  place  to  place.  It  is  usually  repre- 
sented by  some  of  the  following  species: 


Dysodia  pappoea  (Vent.)  Hitchc. 
Feetuca  octoflora  Walt. 
Salsola  pestiler  A.  Nels. 
Solanum  rostratum  Dunal. 
Malvaatnim  coccineum  (Pursh)  Gray. 
Mimroa  squarroea  (Nutt.)  Torr. 
Pkntago  purshii  K.  &  S. 
Amaianthus  retroflexus  L. 


Amaranthus  graecizans  L. 
Amaranthus  blitoides  Wats. 
Chenopodium  leptophyllum  (Moq.)  Nutt. 
Lappula  occidentalis  (Wats.)  Greene. 
Chenopodium  album  L. 
Solanum  triflorum  Nutt. 
Euphorbia  glyptoeperma  Engelm. 
Leptilon  canadense  (L.)  Brit. 


Of  these,  the  tumble  weeds,  Amaranthus  graecizans  and  Salsola  pestifer,  are  often 
the  most  important  species  during  the  first  year.  Many  of  these  weeds  are  grazed 
close  to  the  ground  by  cattle,  and  doubtless  close  grazing  greatly  reduces  the  amount 
of  ruderal  growth.  This  aids  in  the  establishment  of  the  grasses  by  the  removal  of 
the  taller  weeds  and  also  by  reducing  the  rate  of  water  loss  from  the  soil. 
201 
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established  over  small  alternating  areas  and  the  Schedoonardus 
will  gradually  die  out.  Schedonnardus  is  a  short-lived  grass,  and 
although  it  often  dominates  the  early  stages  of  this  succession  it 
offers  no  resistance  to  the  establishment  of  the  taller  wire-grass, 
which  crowds  it  out  by  overshading  it.  The  condition  of  the  water 
supply,  however,  is  not  such  as  to  support  a  dense  growth  of  Ari&- 
tida,  and  this  cover  is  consequently  of  a  sparse  nature  and  offers  an 
excellent  opportunity  for  the  entrance  of  the  short  grasses  between 
the  scattered  bunches  (PI.  II,  fig.  2).  As  these  short  grasses  grad- 
ually become  established  they  use  up  more  and  more  of  the  water 
supply  which  would  otherwise  go  to  the  deeper  rooted  wire-grass, 
which,  as  a  result,  gradually  dies  out,  leaving  a  pure  short-grass 
cover.  The  succession  is  very  slow,  requiring  from  twenty  to  forty 
years  for  completion. 

It  will  be  seen  from  the  above  discussion  that  the  result  of  break- 
ing and  subsequently  abandoning  short-grass  land  is  to  cause  the 
temporary  establishment  of  a  vegetation  which  is  of  a  deeper  rooted 
tj'pe  and  is  normally  characteristic  of  a  lighter**  or  less  fully  disin- 
tegrated'' soil.  This  is  partly  due  to  the  fact  that  the  soil  has  been 
loosened  by  the  plowing,  thus  allowing  water  to  enter  more  readily. 
Under  natural  conditions  the  soil  surface  in  short-grass  land  is  veiy 
hard  and  somewhat  puddled.  Breaking  changes  this  condition  and 
enables  a  greater  quantity  of  water  to  enter  the  soil.  This  is  espe- 
cially true  of  land  that  has  been  plowed  and  subsequently  not  well 
worked  down.  Even  in  places  where  the  soil  had  been  left  undis- 
turbed for  eight  years  after  breaking  a  great  difference  in  water 
content  was  noted  in  the  second  and  third  foot  as  compared  with  the 
same  depths  under  unbroken  sod.  This  condition  is  probably  largely 
due  to  the  fact  that  the  removal  of  the  short-grass  cover  by  breaking 
•lecreasos  the  loss  of  water  that  is  due  to  absorption  by  the  roots  of 
these  grasses.  This  allows  the  water  to  penetrate  deeper  into  the  soil, 
thus  establishing  a  condition  more  favorable  for  deep-rooted  plants. 

GRAZING. 

Ordinary  grazing  does  not  appreciably  modify  the  short-grass 
cover.  In  fact,  it  seems  that  grazing  somewhat  favors  the  develop- 
ment of  pure  short-grass  cover.  Excessive  grazing  may  result  in  one 
of  two  modifications.  If  the  overgrazed  portion  of  the  association 
has  recently  been  derived  from  the  Gutierrezia-Artemisia  associa- 
tion (p.  60),  and  presents  soil  conditions  very  similar  to  those  nor- 
mally found  under  that  association,  it  will  revert  to  that  association. 


"See  wire-grass  association,  p.  48. 

b  See  Gutierrezia-Artemisia  association,  p.  00.. 
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Hiis  is  the  condition  in  southern  Colorado,  northeastern  New  Mex- 
co,  and  portions  of  Texas  where  the  Gutierrezia  has  again  become 
istabhshed  on  heavily  grazed  land.  The  ranchers  maintain 
ihat  the  range  was  once  covered  with  a  pure  short-grass  vegeta- 
ion,  but  that  grazing,  and  particularly  sheep  grazing,  has  caused 
ihe  introduction  of  the  Gutierrezia.  The  vegetation  has  been  dis- 
nirbed  to  such  an  extent  that  it  has  reverted  to  the  earUer  stage, 
.  e.,  the  Gutierrezia- Artemisia  association,  from  which  in  time  it 
jrill  pass  again  into  the  short-grass  stage  if  protected  from  excessive 
p*azing. 

If,  however,  the  area  of  short  grass  has  been  derived  from  the 
inre-grass  association  (p.  48),  and  presents  conditions  which  espe- 
cially favor  that  association,  excessive  grazing  will  cause  it  to  revert 
to  the  wire-grass  type  of  vegetation. 

The  reversion  is  made  possible  by  the  great  reduction  in  the  amount 
of  short  grass  and  the  resulting  reduction  in  loss  of  water  from  the 
Boil.  A  smaller  percentage  of  the  water  is  absorbed  in  the  upper 
layers  of  the  soil  and  consequently  more  of  it  can  go  to  the  support 
of  the  deeper  rooted  Gutierrezia  or  Aristida.  Neither  Gutierrezia 
nor  Aristida  is  eaten  by  animals,  and  these  plants  are  consequently 
greatly  favored  by  excessive  grazing  and  the  removal  of  the  short 
grasses  with  which  they  are  in  competition  for  the  soil  water. 

FIRES. 

The  eflfect  of  fires  must  be  regarded  as  having  been  always  opera- 
tive in  the  Great  Plains  region.  Fires  are  started  by  lightning 
during  almost  every  thunderstorm,  and  the  advent  of  man  has,  if 
anything,  tended  to  check  rather  than  to  increase  their  ravages.  The 
eflfect  of  fires  on  short-grass  vegetation  in  eastern  Colorado  results 
in  modifying  this  vegetation  very  markedly.  Grama  grass  seems  to 
suflfer  but  little,  but  in  places  that  have  been  repeatedly  burned  the 
buffalo  grass  is  completely  killed  out.  Places  of  tliis  kind  are 
marked  by  a  pure  grama-grass  vegetation.  Burning  also  removes 
all  the  dead  leaves  as  well  as  the  Uving  ones,  and  may  consequently 
lead  to  the  impression  that  the  total  quantity  of  plant  growth 
has  been  much  less  than  is  actually  the  case. 

PARASITIC   FUN  (J  I. 

In  places  fungus  diseases  play  a  part  in  modifying  the  short-grass 
cover.  The  two  common  parasites  of  buffalo  grass,  Cercospora 
^miiudis  Ell.  and  Ev.  and  TiUetia  buchloeana  Kellerm.  and  Swingle, 
do  injury  chiefly  by  preventing  seed  production.  They  are  of  minor 
unportance  except  in  their  relation  to  the  reseeding  of  areas  from 
which  the  plant  covering  has  been  removed.     Two  fungi  parasitic 
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on  the  grama  grass,  UstHago  hieranymi  Schrot.  and  Puccivia  har- 
iholomemi  Diet.,  may  modify  the  plant  cover  to  a  considerable 
extent.  This  is  especially  true  of  the  Ustilago,  which  in  places 
reduces  the  grama  to  a  very  thin  and  scattered  cover.  Cursoi; 
observation  might  lead  to  the  error  of  attributing  this  condition  to 
unfavorable  soil  conditions.  The  disease  can  be  recognized  by  the 
prominent  smut  blisters  on  the  leaves,  especially  noticeable  in  early 
spring. 

Variations  from  the  Typical  Grama-Buffalo-Grass  Association  and   wrat 

THESE  Variations  Indicate. 

Before  taking  up  the  more  marked  variations  from  the  type  it  wili 
be  well  to  consider  some  sUght  modifications  in  the  nature  of  the 
plant  cover  where  the  vegetation  still  remains  essentially  a  true 
short-grass  type. 

AN   open-mat  cover. 

In  many  placejs  on  the  Great  Plains  the  plant  cover  is  such  as  can 
be  designated  an  ''open  mat,''  not  more  than  15  to  30  per  c^nt  of  the 
surface  being  actually  covered  with  plant  growth.  The  bare  places 
are  always  irregular  in  shape  and  are  usually  unoccupied,  even  during 
periods  when  annuals  develop,  for  the  greater  number  of  the  annuab 
are  found  within  the  mats  of  grama  and  buffalo  grass  (fig.  1,  p.  tT). 
This  open  type  of  short-grass  vegetation  must  be  considered  as 
indicating  a  condition  less  favorable  for  plant  growth  and  crop  pro- 
duction than  where  the  ground  is  fully  covered.  As  a  rule  it  is  found 
much  more  commonly  in  regions  where  the  rainfall  is  smaller  or  less 
evenly  distributed,  but  it  may  occur  in  almost  any  part,  of  the  Great 
Plains,  especially  in  places  where  the  nm-off  is  very  great.  The 
comparative  percentages  of  run-off  from  ordinary  short-grass  cover 
and  from  open-mat  cover  as  a  result  of  a  rainfall  of  0.89  inch  on  the 
night  of  August  31,  1909,  at  Akron,  Colo.,  are  given  in  Table  VIII. 

Table  VIII. — Comparative  water  penetration  and  run-off  from  ordinary  pure  «fcort- 
gras8  cover  and  from  open-mat  cover,  as  a  result  of  0.89-inch  rain,  Augutt  SI,  I909t 

at  Akron,  Colo. 


Description  of  cover.  '*tK?*'    KvohA 


Uon. 


.  Percent.  I  Ptrtni- 

Onilnary  pure  short-grass  cover j  62  * 

Scatiereil  miits  of  short  grass  with  a  little  Schedonnardus '  28  <) 

I 


In  all  probability  a  balance  is  established  between  the  amount 
of  soil  water  available  and  the  amount  of  plant  growth  produced, 
the  growth  being,  therefore,  an  indication  of  the  average  moisture 
condition  at  that  particular  place.    This  open-mat  phase  sometimes 
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tgnifies  an  earlier  stage  in  the  development  of  the  true  short-grass 
ssociation.  It  may  be  produced  by  fire  (p.  43)  or  by  fungous  dis- 
ases  (p.  43),  and  when  due  to  these  causes  does  not  indicate  unfavor- 
hle  physical  conditions  for  the  production  of  a  cultivated  crop. 

A  CLOSE-MAT  COVER. 

As  the  other  extreme  from  the  open  mat  we  may  have  a  condition 
^here  the  plant  growth  is  so  dense  that  at  first  glance  the  ground 
appears  to  be  entirely  covered.  The  vegetation  affords  little  oppor- 
tunity for  the  entrance  of  other  plants  without  the  displacement  of 
;ho8e  already  established.  The  close  cover  as  compared  with  the 
)rdinary  short-grass  vegetation  signifies  a  soil  more  uniformly  sup- 
plied with  water  and  one  which,  when  broken  for  cultivation,  will 
produce  better  crops  than  that  occupied  by  a  more  open  cover. 
Exceptions  should  be  noted  when  dense  growths  of  pure  buffalo 
grass  are  found  in  depressions  where  water  stands  after  a  rain.  Such 
occurrences  are  not  to  be  regarded  as  indicating  favorable  conditions 
lor  crop  growth. 

These  differences  in  the  amount  of  plant  growth  unaccompanied 
by  differences  in  the  species  represented  are  of  considerable  impor- 
tance as  indicators  of  possible  crop  production.  The  appearance  of 
other  species  usually  accompanies  more  profound  differences  in  the 
habitat  and  on  this  account  is  of  greater  indicator  value  than  mere 
variations  in  the  amount  of  growth  produced.  Several  modifications 
of  the  latter  type  will  now  be  described. 

ARTEMISIA  AND  GUTIERREZIA  ON  SHORT-GRASS  LAND. 

In  many  places  various  perennial  plants,  chief  among  which  are 
Artemisia  frigida   (fig.  23,  p.  67)  and  Gutierrezia  sarothrde  (fig.  22, 
p.  66),    estabUsh   themselves   amid  the  short-grass  cover.    These 
plants  indicate  a  condition  intermediate  between  the  true  grama- 
buffalo-grass  association  and  the  association  which  is  dominated  by 
the  perennial  species  mentioned.     As  a  rule  their  presence  indicates 
a  less  thoroughly  disintegrated  soil,  a  soil  in  which  water  penetrates 
somewhat  deeper  than  where  the  pure  short  grass  is  found,  but  not 
80  well  adapted  for  the  production  of  cultivated  crops.    Care  should 
be  exercised,  however,  in  estimating  the  value  of  land  of  this  type, 
since  overgrazing  or  previous  breaking  will  often  introduce  this  type 
of  vegetation  on  land  which  would  otherwise  be  occupied  by  pure 
short-grass  cover.    Where  this  type  of  vegetation  occurs  naturally 
without  the  intervention  of  one  of  the  above-mentioned  causes,  the 
land  is  to  be  regarded  as  very  nearly  of  the  type  that  is  characterized 
by  the  Gutierrezia- Artemisia  association,  which  will  be  discussed 
later  (p.  60). 
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ASTBAOALUa  OK  SHORT-QBAaa  LAND. 

The  native  Leguminoste,   especially   Astragalus   crassuxrpus,   A 
moUissitnvs,  &nd  AragaUua  lambertii,  are  rather  deep  rooted,  but  hare 
avery  short  season  of  growth.     They  are,  therefore,  not  to  be  regajtled 
as  indicating  better  physical  conditions  than  does  the  pure  short- 
,,      ,a   1  grass  cover,  and  they 

do  not  denote  condi- 
tions favorable  for  the 
production     of     crops 
i  ^     like  alfalfa,  which  re- 

quires a  long  season. 

PBOHALRA    ON    BHOBT-GKAtf 

The  occurrence  on 
short-grass  land  of 
PsoraUa  tenuijlora  (fig. 
12  and  PI.  Ill,  fig.  1 
sometimes  called ' '  vild 
alfalfa,"  and  of  other 
deep-rooted  plant 
which  require  a  com- 
paratively long  season 
is  to  be  regarded  as  an 
indication  of  a  greater 
depth  of  moisture 
penetration  in  the  soil. 
PsortJea  is  always 
deep-rooted  plant  (fig. 
14,  p.  51),  the  roots 
extending  to  a  depth 
of  4  to  6  feet.  As  in 
most  of  the  native  le- 
gumes of  the  region, 
^         „.     ,  ,^       ^  the    rootlets    are   well 

FlO.  12.— Sketch  (drawnrnini  photopBphjahowlQgaalngleplantof  i-    j        ■   i_             •     i 

Pioralialiaumvi.    The  rool  oitends  loadeplh  orSleet  and  hu  Supplied    With    nOQUleS 

no  surface  bitches.    The  rootle..  .,.bowtag  oodufc., -Well «»  f^f    i]^^    ab-SOrptioU    of 

taken  at  »  Rwt  bolow  the  soil  Burfaeo,  la  About  natural  elie.  .,                    ,,. 

mtrogen  (tig.  12,  a). 
Wliere  this  plant  is  distributed  uniformly  it  indicates  either  a  soil 
which  is  more  readily  penetrated  by  water  than  normal  short-grass, 
land,  or  else  &  place  which  receives  the  run-off  from  an  extensive 
area  and  which,  consequently,  is  penetrated  by  more  water  than  that 
which  ftills  upon  it  as  rain.  Accordingly,  it  indicates  a  condition 
more  favorable  for  agricultural  purposes  than  is  represented  by  a  pure 
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>rt-grass  cover.  Where  Psoralea  plants  occur  only  in  small  seat- 
ed communities,  they  indicate  pockets  of  looser  soil  or  depressions 
o  which  water  drains  from  surrounding  areas.  Communities  of 
3ralea  in  many  places  mark  animal  burrows  which  have  been 
andoned  for  some  time  and  which  afford  ready  means  for  water  to 
Qietrate  to  deeper  layers  of  the  soil.  The  location  of  areas  previously 
3upied  by  communities  of  Psoralea  can  be  detected  easily  by  the 
edition  of  the  cultivated  crop  during  dry  periods.  These  areas  are 
licated  by  the  "good  spots/'  and  if  the  land  has  not  been  under 
Itivation  for  a  period  sufficient  to  kill  out  the  Psoralea  it  will  be 
iind  still  growing  amid  the  crop  in  the  greater  number  of  these 
das. 

A  careful  series  of  comparative  measurements  of  penetration  and 
DL-off  were  made  following  a  rain  of  0.89  inch  at  Akron,  Colo.,  on 
e  night  of  August  31,  1909,  the  results  of  which  are  shown  in  Table 
L.  Care  was  taken  to  make  the  comparative  borings  on  slopes 
kving  as  nearly  as  possible  the  same  inclination. 

UBLE  IX. — Comparative  run-off  and  water  penetration  on  pure  short-grass  land  and 

at  places  where  Psoralea  is  present. 


Description  of  plant  cover. 


Pene- 
tration. 


Run-K)ff. 


ire  short-grass  land 

ose  shortisrass  cover  and  Psoralea. 

ire  short-grass  land 

ose  short-grass  cover  and  Psoralea. 


jre  short-^rass  land 

096  short-grass  cover,  wire-grass,  and  Psoralea. 

ore  short-grass  land 

loralea  clump  on  short-grass  land 


an  short-grass  land 

soralea  clump  on  short-grass  land 


are  sbort-grass  land 

loralea  and  wire-grass  on  short-grass  land 


ore  short-grass  land 

oe  Psoralea  plant  on  short-grass  land 

Average  lor  pure  short-grass  land. 
Average  for  other  places 


Per  cent. 

59 

176 


81 
140 

62 
137 

90 
274 

90 
140 

90 
214 


Per  cent. 
41 

-  76 

19 

-  40 

38 

-  37 

10 
-174 

10 

-  40 

10 
-114 


90 

10 

22t) 

-126 

80 

20 

201 

-101 

Each  comparison  was  made  between  spots  where  Psoralea  was 
)re8ent  as  part  of  the  vegetation  and  where  Psoralea  was  absent, 
)nly  a  few  feet  away.  These  measurements  show  conclusively  that 
where  Psoralea  occurs  the  conditions  as  to  soil  moisture  are  more 
favorable  than  where  the  short  grass  occurs  alone. 


WIRE-GRASS  ON  SHORT-GRASS  LAND.^ 


The  occurrence  of  scattered  plants  of  wire-grass  (fig,  13,  p.  49) 
amid  the  short-grass  cover  (PI.  Ill,  fig.  2),  indicates  somewhat  the 
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same  cpaditious  as  where  Psoralea  is  abundant.  Usually,  howeT€r, 
wire-grass  is  not  found  in  the  low  places  where  water  is  likely  to  stand 
after  heavy  rains.  It  is  mainly  an  indicator  of  a  soil  into  whidi 
water  penetrates  more  readily."  The  conditions  indicated  by  thi 
vegetative  cover  are  intermediate  between  those  of  a  pure  short 
vegetation  and  the  typical  wire-grass  association.  Wire-grass  is  d 
rooted  and  has  practically  no  surface-feeding  roots  (fig.  14,  p.  51) 
Consequently,  it  is  dependent  entirely  upon  such  moisture  as 
at  a  depth  greater  than  one  foot  in  the  soil.  It  is  therefore  to 
regarded  in  this  region  as  one  of  the  most  reliable  plants  for  indictt' 
ing  favorable  agricultural  conditions. 

WHEAT-GRASS  ON  SHORT-GRASS  LAND. 

The  wheat-grass  association  of  the  Great  Plains,  characterized  bj 
the  predominance  of  western  wheat-grass  (Agropyron  smithii),  oc^run 
most  extensively  west  of  the  Missouri  River  in  South  Dakota,  espe 
cially  on  the  adobe  soil  derived  from  the  Fort  Pierre  shale.  In  Colo- 
rado it  also  occupies  rather  extensive  areas  of  the  same  kind  of  soil« 
although  it  is  not  by  any  means  limited  to  this  type.  It  seems  t4i 
thrive  under  a  great  variety  of  conditions,  penetrates  farther  into 
alkali  land  than  do  the  short  grasses,  and  is  equally  adapted  to  resist 
drought,  chiefly  by  its  ability  to  revive  after  desiccation.  Whea  i 
sod  composed  of  wheat-grass  and  short  grass  is  broken  and  allowed 
to  remain  without  cultivation  the  growth  of  wheat-grass  is  greatly 
increased.  The  wheat-grass  plants  are  not  killed  by  this  process  and 
there  is  a  much  more  abundant  water  supply  available  to  them  as  t 
result  of  the  destruction  of  the  short  grasses.  In  the  present  stage  cl 
tliese  investigations  its  value  as  an  indicator  of  the  capabilities  ol 
crop  production  remains  doubtful. 

THE    WIRE-GRASS   ASSOCIATION. 
General  Appearance. 

Intermediate  in  character  between  the  short-grass  and  the  bunch- 
grass  types  of  vegetation,  the  wire-grass  association  occurs  most  com- 
monly on  soils  of  intermediate  character  which  lie  between  the  hard 
lands  and  the  sand  hills.  It  forms  a  rather  extensive  association  in 
certain  places  in  eastern  Colorado,  being  particularly  abundant  in 
Washington  and  Yuma  counties.  It  is  found  in  practically  all  local- 
ities where  the  short-grass  formation  and  the  bunch-grass  associaticfl 

-  ■  ■  J     II    ,    — ^ 

a  After  a  rain  of  0.89  inch  at  Akron,  Colo.,  August  31,  1909,  the  following  comptn 
tive  penetration  and  run-off  were  observed:  Pure  short-grass  land,  penetration  36  pci 
cent;  run-off  64  per  cent.  Wire-grass  amid  short-grass  cover,  penetration  56  per  cent 
run-off  44  per  cent.    There  was  a  decided  slope  where  these  determinations  were  made 
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keet,  and  outside  of  the  immediate  region  under  consideration  is 
robabiy  best  developed  in  west-central  Kansas  and  Nebraska. 

The  wire^ass  association  is  much  more  varied  in  general  appear- 
nce  than  the  grama-buffalo-grass  association.     The  ground  is  cov- 
red  by  a  short-grass  mat  which  is  usually  not  so  dense  as  that  of  the 
^^ical  grama-buffalo-grass  association.     Overtopping  this  mat  are 
.umerous  taller  plants  of  many  different  species,  among  the  more 
mportant  of  which  are  wire-grass  (fig.  13)  andPsoralea  (fig.  12,  p.  46). 
The  wire-graas  appears 
a  low  tufts  which,  be- 
Ause  of  their  light  sil- 
'ery  color,  can  be  dis- 
inguished   at  once 
rom  the  so-called 
)unch- grass  which  is      ■ 
.aller  and  reddish      ~ 
>rown  in  color.     The 
ffire-grass  association 
smbraces  a    much 
greater  number  of  spe- 
cies  than  does   the 
grajna  -  buffalo  -  grass 
association.     Even 
those  phases  of  the  lat- 
ter which  most  nearly 
approach  the  wire- 
grass  association  have 
nothing  like  its  variety 
of  taller  [>lants.     Two 
of  the  most  important 
plants,  the  Psoralea 
and  the  bush  moming- 
glory,  are  tumble- 
weeds,   and   leave  no 
trace  of  their  existence 
when  the  growth  pe- 
riod is  past.     If  the  country  is  fenced  the  drift  of  these  plants  along 
the  fences  and  roadways  will  indicate  clearly  the  type  of  vegetation. 
The  illustration  (PI.  I,  fig.  2)  gives  an  idea  of  the  general  appearance 

of  this  association. 

Botanical  CoHPosmoN. 

The  wire-grass  association,  being  intermediate  between  the  bunch- 
grass  and  the  grama-buffalo^rass  associations,  is  made  up  of  species 
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which  may  be  at  home  in  either.  The  matUke  cover  is  composed 
largely  of  the  common  grama  grass  {B(mtdoua  oligostachya  (Nutt.) 
Torr.y  fig.  2,  p.  25),  although  the  black  grama  {Bovidoua  hirsuia  Lag. 
^g.  17,  p.  59)  often  becomes  an  important  factor.  Buffalo  grass, 
on  the  other  hand,  is  rather  rarely  found,  its  place  being  taken  by  the 
black  grama.  Intermingled  with  the  short-grass  mat  we  find  a 
great  many  other  plants.  In  addition  to  the  characteristic  species, 
wire-grass  (Aristida  longiseta  Steud.,  fig.  13)  and  Psondea  ienuijiom 
Pursh  (fig.  12,  p.  46),  many  other  plant*  occur  of  which  a  few  are  here 
listed  in  order  to  give  a  better  idea  of  the  composition  and  general 
appearance  of  this  association: 


ChrysopsiB  villoea  Nutt. 
Lupinus  pudllus  Pureh. 
^hedonnardus  panlculatus  (Nutt.)  Tie- 
lease. 
Stipa  comata  Trin.  &  Rupr. 
Sporobolus  cryptandnis  (Torr.)  Gray. 
Featuca  octoflora  Walt. 
Carex  etenophylla  Wahl. 


Ipomoea  leptophylla  Torr. 
Malvastrum  coccineum  (Puiah)  Gray. 
Ratibida  columnaris  (Sims)  D.  Don. 
Hymenopappus  filifolius  Hook. 
Sideranthus  spinulosus  (Pursh)  Sweet. 
Echinocereus  vlridiflorus  Engelm. 
Liatris  punctata  Hook. 
Thelesperma  gracile  (Torr.)  Gray. 
Erigonum  effusum  Nutt. 

The  greater  number  of  these  plants  are  deep-rooted  perennials  and 
require  a  rather  long  season  of  growth.  In  addition  to  these  plants, 
all  the  species  recorded  as  occurring  in  the  grama-buffalo-grass 
association  (p.  25)  and  in  the  bunch-grass  association  (p.  54)  may  be 
found  occasionallv  in  this  association. 

Physical  Conditions  Indicated.^ 

The  conditions  in  land  occupied  by  the  wire-grass  association  are 
such  as  to  permit  the  growth  of  both  shallow-rooted  and  deep- 
rooted  plants  (fig.  14).  The  shallow-rooted  species  are  chiefly  short 
grasses  wliich  obfain  most  of  their  water  supply  from  the  first  foot 
of  the  soil.  The  texture  of  the  soil  is  such,  however,  that  water 
penetrates  with  comparative  rapidity.  Approximately  all  of  the 
rainfall  is  absorbed,  and  since  the  soil  is  rather  Ught  in  character, 
usually  a  sandy  loam,  ttiis  amount  of  water  is  sufficient  to  penetrate 
to  a  depth  of  several  feet.  As  a  result  of  these  conditions  this  land 
supports  also  a  deep-rooted  type  of  vegetation  which  is  characterized 
largely  by  wire-grass,  Psoralea,  bush  morning-glory,  and  many  other 
comparatively  tall  and  deep-rooted  plants.  The  wire-grass  has 
practically  no  surface  roots,  the  roots  penetrating  deep  into  the 
soil  and  being  adapted  only  to  conditions  where  the  soil  is  moist 
to  a  considerable  depth.  The  same  is  true  of  Psoralea,  bush  morning- 
glory,  and  the  other  deep-rooted  plants. 

a  The  physical  conditions  of  land  originally  occupied  by  vegetation  of  this  tvpe 
when  under  cultivation  are  discuased  on  p.  75. 
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The  presence  of  short  grass,  however,  indicates  a  condition  unfa- 
rorable  to  the  greatest  development  of  the  taller,  deep-rooted  plants. 
if  the  water  supply  were  increased  the  latter  would  undoubtedly 
mtirely  replace  the  short  grass  and  the  vegetation  would  probably 
tass  over  into  the  bunch-grass  association. 

The  amount  of  water  available  below  the  first  foot  of  soil  deter- 
ninea  the  number  of  deep-rooted  plants  which  can  develop.  Since 
n  the  wire^ass  association  this  amount  is  not  sufficient  to  produce 
I  dense  growth  of  such  plants,  interspaces  are  left  which  are  occupied 
yy  the  shallow-rooted,  short  grasses.     The  presence  of  the  short 


grasses  further  reduces  the  amount  of  moisture  available  to  the 
deeper  rooted  plants  but  can  not  crowd  them  out  entirely  because 
of  the  fact  that  in  this  readily  permeable  soil  the  rain  water  passes 
below  the  surface  layer  before  the  short  grasses  can  utihze  all  of  it. 
A  condition  of  unstable  equilibrium  therefore  exists,  being  more 
favorable  for  the  deep-rooted  plants  during  wet  years  and  more 
favorable  for  the  short  grasses  during  dry  years. 

The  conditions  indicated  by  the  wire-grass  association  are  undoubt- 
edly the  most  favorable  for  crop  production  of  any  found  in  eastern 
Colorado,  since  the  soil  is  heavy  enough  not  to  blow  badly  and  forms 
» stable  substratum  for  all  types  of  crops.     At  the  same  time  it  is 
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pervious  enough  to  enable  a  veiy  high  percentage  of  the  rainfall  to 
enter.  The  water  loss  from  the  soil  surface  is  much  less  rapid  than 
from  the  harder  lands  that  are  characterized  by  short-grass  vegeta- 
tion. This  is  due  to  the  fact  that  the  surface  layers,  being  sandy, 
dry  out  very  rapidly  after  a  rain  and  thus  soon  form  a  protective 
dry  mulch  which  checks  evaporation.  The  greater  part  of  the 
water  lost  by  this  soil  is  through  transpiration  by  the  plant  cover. 

Effect  of  Disturbing  FACTORa.« 

Breaking, — When  wire-grass  vegetation  is  plowed  under  and  sub- 
sequently left  without  cultivation  the  result  is  the  introduction  of 
vegetation  characteristic  of  a  lighter  type  of  land.  The  first  vegeta- 
tion is  a  weed  stage  which  is  soon  followed  by  a  stage  of  longer 
duration  in  which  the  grass  Sporoholus  cryptandrus  is  an  important 
element.  But  this  stage  is  by  no  means  a  pure  grass  stage,  for  many 
other  plants  also  enter.  Aristida  next  appears  and  at  times  the 
bunch-grass  {Andropogon  acoparius).  The  short  grasses,  chiefly 
gramas,  are  gradually  introduced  and  the  typical  wire-^ass  asso- 
ciation is  reestablished.  The  succession  is  more  rapid  than  that  on 
short-grass  land  and  the  cycle  is  probably  completed  in  from  twenty 
to  thirty  years.  One  of  the  most  interesting  features  is  the  intro- 
duction of  many  plants  from  the  bunch-grass  association  and  even 
of  the  true  bunch-grass  itself  (Andropogon  acopariiis,  fig.  15,  p.  54)  in 
the  earliest  stages  of  this  succession.  Breaking  assists  the  deep- 
rooted  plants  to  establish  themselves  by  destroying  the  short-grass 
cover  and  allowing  the  water  which  would  otherwise  be  absorbed 
by  tliese  grasses  to  become  available  to  the  deeper  rooted  plants. 
It  is  only  after  continued  settling  and  puddling  of  the  surface  soil 
and  the  gradual  entrance  of  the  short  grasses  that  the  old  conditions 
return  and  the  short  grasses  are  able  to  hold  their  own  with  deeper 
rooted  plants,  thus  establishing  the  balanced  condition  which  is 
characteristic  of  the  wdre-grass  association. 

Grazing. — The  effect  of  grazing  on  land  of  this  type  is  not  very 
marked  because  none  of  the  taller  plants  are  eaten  to  any  great 
extent  by  cattle  and  are  injured  only  in  so  far  as  they  are  trampleil. 

a  Fungous  diseases  are  at  times  of  some  importance  in  modifying  the  plant  cover. 
The  more  important  diseases  which  a£Fect  thia  association  are  thoee  on  the  Ptonlea- 
bush  morning-glory,  wire-grass,  and  grama  grass.  Psoralea  sufTers  severely  from 
Aecidium  psoraleae  Pk.  and  is  often  thinned  out  considerably.  Another  disease 
which  is  less  destructive  is  Parodiella  perUporioidei  (B.AC.)  Speg.  The  bush  morning- 
glory  is  also  considerably  thinned  by  Albugo  ipomoeae'pandwranae  (S.)  Swingle. 
The  diseases  of  wire-grass  (Sorosporium  consanguineum  Ell.  <&  Ev.)  and  grama  grass 
(PtLccinia  hartholomewii  Diet.)  are  much  less  destructive  but  may  have  a  sli^t  effect 
in  modifying  the  plant  cover. 
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Bxcessive  grazing  often  damages  the  short-grass  cover,  thus  reducing 
the  loss  of  water  from  the  upper  layers  of  the  soil  and  enabling  more 
yf  the  deep-rooted  plants  to  enter. 

Fires. — Occurring,  as  they  usually  do,  during  the  latter  part  of  the 
mmmer,  fires  do  not  greatly  injure  old  plants  of  Psoralea  and  the 
bush  morning-glory,  but  the  seeds  are  destroyed  and  propagation  is 
thus  checked.  The  wire-grass,  however,  is  badly  burned.  Where 
fires  are  very  frequent  their  tendency  is  to  convert  this  type  of  vege- 
tation into  a  pure  short-grass  cover. 

Variations  from  the  Type  of  the  Wire-Grass  Association. 

Being  intermediate  between  the  pure  bunch-grass  and  the  pure 
short-grass  types,  vegetation  of  the  wire-grass  association  is  found 
varying  now  in  the  direction  of  the  one  and  now  in  the  direction  of 
the  other.     When  it  approaches  a  pure  short-grass  cover  one  or  the 
other  of  the  following  conditions  will  be  foimd  to  exist:  (1)  Either 
the  land  has  become  so  impervious  as  to  be  in  almost  the  same  con- 
dition as  the  short-grass  land,  so  that  but  few  of  the  deep-rooted 
plants  can  obtain  sufficient  water  for  their  requirements,  or  else  (2) 
fires  have  completely  destroyed  the  taller,  deeper  rooted  plants.     The 
evidence  of  fires  is  so  unmistakable,  however,  that  one  can  not  easily 
be  misled  as  regards  this  fac^tor,  the  effect  of  which  is,  moreover,  tem- 
porary.    In  an  area  of  this  type  in  which  the  deeper  rooted  plants 
have  died  out  the  old  roots  found  in  the  deeper  soU  layers  are  a  posi- 
tive proof  that  the  land  was  once  occupied  by  the  wire-grass  asso- 
ciation.    Wherever  the  vegetation  approaches  a  pure  shortrgrass 
type  owing  to  the  impervious  nature  of  the  soil  the  vegetation  and 
physical  environment  may  be  identical  with  that  already  described 
in  the  grama-buffalo-grass  association  under  the  headings  ^*  Wire- 
grass  on  short-grass  land" (p.  47)  and  ** Psoralea  on  short-grass  land" 
(p.  46). 

Wherever  characteristic  plants  of  the  bunch-grass  or  of  the  sand- 
hills mixed  association,  such  as  sand  sage  {AHemisia  jUifolia^  fig.  20, 
p.  64)  and  bunch-grass  (Andropogon  scoparitLS,  fig.  15,  p.  54),  occur 
in  the  wire-grass  association  the  indication  is  that  the  land  is  lighter 
in  texture  and  is  very  similar  to  that  characterized  by  those 
associations. 

Sometimes  the  plant  cover  is  very  sparse,  leaving  a  considerable 
percentage  of  the  surface  of  the  ground  bare,  although  many  different 
species  of  plants  are  present.  This  aspect  of  the  wire-grass  associa- 
tion is  to  be  regarded  as  indicating  conditions  less  favorable  for 
agricultural  purposes  than  where  the  vegetative  cover  is  close  and 
more  or  less  uniform. 

201 


54      NATURAL  VEGETATION  AS  AN  INDICATOR  OF  CBOP  PBODUCTIOS. 

THE  BtrNCH-«RAS8   ASSOCIATION. 

General  AppEARANrE. 

The  most  extensive  association  on  the  sand  hills  of  eastern  Colorado 
is  designated  by  the  name  of  bunch-grass,  which  aptly  describes  its 
general  appearance.    As  usually  found  in  eastern  Colorado,  the 
clumps  of  bunch-grass  are  somewhat  scattered,  the  spaces  between 
being  occupied  by  other  plants.     The  general  appearance  of  the  v^e- 
tation  is  well  shown  in  the  accompanying  illustration  (PI.  IV,  fig.  1). 
The  considerable  difference  in  the  appearance  of  this  association  in 
different  places  is  due 
latgely  to  variation  in 
the  amount  of  bunch- 
grass  present,  but  it  can 
be  recognized   at  any 
time  of  the  year  by  the 
reddish-brown  color  of 
this  grass.     The  vege- 
tation   appears   much 
darker  in  color  when 
looking  against  the 
wind  than  when  look- 
ing in  the  direction  the 
wind   is   blowing.     In 
places  where  sand  sage 
grows  with  the  bunch- 
grass  there  may  be  a 
considerable  variation 
of  color. 

The    association   in 

eastern  Colorado  is  by 

no  means  as  open  as  is 

commonly  the  case  b 

Nebraska.     The  soil 

surface  is  occasionally 

well  covered  by  an  almost  pure,  close  stand  of  bunch-grass,  but  more 

often  by  this  grass  mixed  with  other  tall  grasses  and  with  short  grasses 

occupying  the  interspaces.     The  soil  is  held  so  firmly  that  there  is 

practically  no  blowing  in  land  occupied  by  this  association. 

Botanical  CoMPoernoN. 

The  botanical  composition  of  the  bunch^rass  association  is  some- 
what varied.  The  ]>Iant  wliich  chiefly  characterizes  it  is  the  bimch- 
grass   (Andro'pogon  scopariue   Michx.,  fig.    15),  but    this   grass  is 
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iccompanied  by  a  great  many  other  species,  of  which  the  following 
ire  some  of  the  most  important: 


Bottteloua  hirsuta  Lag. 
^dropogon  hallii  Hack. 
Oalamovilfa  longifolia  (Hook.)  Hack. 
Aristida  longiseta  Steud. 


Panicum  virgatum  L. 
Psoralea  tenuiflora  Pursh. 
Bouteloua  oligostachya  (Nutt.)  Torr. 
Artemisia  filifolia  Torr. 


The  btinch-grass  often  forms  a  dense  growth,  leaving  room  for  few 
other  plants.  But  usually  the  bunches  are  scattered  (PI.  IV,  fig.  1), 
and  the  interspaces  are  occupied  by  the  other  species  above  listed. 
As  the  bunch-grass  becomes  less  dominant,  conditions  approach  more 
and  more  nearly  those  found  in  the  sand-hills  mixed  association  (p. 
58).  In  addition  to  the  above  all  the  species  enumerated  under  the 
wire-grass  association  (p.  50)  and  the  sand-hills  mixed  association 
may  occur.  To  the  description  of  the  latter  association  especially, 
the  reader  is  referred  for  a  more  complete  list  (p.  58)  of  plants  that 
occur  in  the  bimch-grass  association. 

Physical  CoNDrrioNs  Indicated. 

Where  bunch-grass  occurs  we  find  a  soil  which  contains  moistiu^ 

to  a  considerable  depth.     The  bunch-grass  itself  is  a  deep-rooted 

plant,  poorly  adapted  to  absorb  water  from  the  surface  soil.     It  is, 

accordingly,  most  commonly  foimd  on  land  where  the  bulk  of  the 

water  supply  lies  below  the  first  foot  of  soil.     The  greater  number  of 

the  other  plants  found  in  this  association  have  a  similar  root  habit, 

but  it  also  embraces  many  plants  which  utilize  the  water  from  the 

surface  layers  (fig.  16).     Among  the  most  important  of  these  are  the 

grama  grasses,  which  here  find  a  footing  only  in  places  not  already 

occupied   by  the    bunch-grass  or  other  taller  plants.     All  rainfall 

received  by  this  type  of  land  enters  the  soil  and  there  is  no  run-off. 

The  bunch-grass  association  in  eastern  Colorado  occurs  on  a  sandy 

soil "  from  which  evaporation  is  relatively  slow,  owing  to  the  rapid 

establishment  of  a  surface  mulch  of  dry  soil  after  a  rain.     Where  the 

water  supply  is  sufficient  an  almost  pure,  dense  cover  of  bunch-grass 

^  With  few  exceptions  the  bunch-grass  is  limited  in  eastern  Colorado  to  the  sand  hills. 
The  exceptions  are  interesting.    On  banks  where  the  soil  is  slowly  falling  down  and 
▼here  the  water  accordingly  penetrates  to  considerable  depths  bunch-grass  dominates 
even  when  the  soil  is  a  heavy  loam.    In  the  region  of  Bellefourche,  S.  Dak.,  bunch- 
8TMB  was  found  on  soil  derived  from  the  Fort  Pierre  shale,  in  places  where  the  mois- 
ture conditions  were  especially  favorable.    Occasional  clumps  are  found  in  heavy  land 
m  low  places  in  eastern  Colorado,  where  water  stands  for  a  short  time  after  a  rain. 
This  species  occurs  quite  commonly  on  clay  or  silt  loam  ridges  and  * '  breaks."    In  such 
places  the  soil  is  loose  and  is  wearing  away  rapidly,  the  vegetation  is  scattered,  and 
^  conditions  for  water  penetration  are  unusually  favorable.     It  also  occurs  quite 
commonly  on  the  gravelly  soils  near  the  mountains.     Farther  ea«t,  where  the  moisture 
conditions  are  more  favorable,  it  grows  on  a  loam  soil  (pp.  12  and  24). 
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develops,  but  where  the  supply  is  less  abundant  the  bunches  are  man 
scattered  and  there  is  a  greater  growth  of  short  grass  in  the  spaces 
between.  The  soil  characterized  by  this  association  is  not  especially 
rich  in  plant  food,  but  affords  a  better  water  supply  than  any  olha 
in  the  region. 

EFFECT   OP   DlSTURBINO    FACTORS." 

Brealnrui.—  In  eastern  Colorado  bunch-grass  grows  on  a  sandy  soH. 
When  such  land  is  broken  by  plowing  considerable  blowing  is  likely 


Fn.  l&--eicetc>i  ■bowing  root  dtatdbutlon  Id  tho  bunch-grua  iraodallon.    Bnncb-griK,  a.-   FnnlM,  k 
vlrB.graa,  t:  blark  gnini,  i. 

to  result.  In  fact,  it  often  happens  that  a  blow-out  is  established 
which  will  not  be  completely  revegetated  for  verj'  many  years  (PI.  M, 
fig.  1).  This,  however,  is  not  the  most  frequent  course  of  events. 
Usually  the  land  becomes  covered  after  plowing  with  a  growth  of 
annual  tumbleweeds,  various  Corapositte,  amaranths,  and  the  grass 

"  FungoUB  diseases  have  little  modiFying  effect  on  thix  association.  Pvmnia  andro- 
pogonisS.occwnon  Andropoiioit  hallii and  ntely  on  A.acopariut,  butHeeroa  todo  little 
damage,  Psoralea,  wire-grass,  and  bush  momiug-glory  are  aometimes  badjy  pan- 
sitized.    (See  footnote,  p.  62.) 
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iforoholus  cryptandrus.  Plants  from  the  sand-hills  mixed  association 
apidly  enter  and  the  bunch-grass  soon  reestablishes  itself.  In 
;eneral,  we  may  state  that  the  vegetation  which  follows  breaking 
and  of  this  character,  when  it  is  left  without  cultivation,  corresponds 
o  an  historically  earlier  stage  in  the  development  of  this  association, 
[f  a  blow-out  occurs,  the  complete  reestablishment  of  the  bunch-grass 
nay  possibly  require  more  than  a  century.  If  the  more  usual  course 
s  followed,  the  vegetation  will  in  all  probability  return  to  the  bunch- 
jrass  type  in  less  than  twenty  years. 

GraziTig  and  fires. — Grazing  alone  does  not  materially  modify  this 
association  when  once  well  established.  This  is  due  to  the  fact  that 
sattle  do  not  eat  the  old  bunch-grass.  Fire,  however,  is  a  very 
important  factor.  The  great  mass  of  dry  matter  produced  offers 
favorable  conditions  for  the  spreading  of  fires,  which  are  often  started 
by  lightning.  Burning  injures  the  bunch-grass  to  such  an  extent 
that  it  does  not  fuUy  recover  for  several  years.  The  new  growth  is 
eaten  by  cattle,  and  as  a  result  conditions  are  brought  about  which 
are  favorable  for  the  entrance  of  the  short  grasses.  Under  conditions 
of  frequent  fires  and  excessive  grazing  the  short  grasses  become  estab- 
lished on  land  which  otherwise  would  be  occupied  by  bunch-grass. 
This  is  a  common  condition  inside  the  fire  breaks  along  the  rail- 
roads, in  which  places  fires  are  frequent.  Here  bunch-grass  is  entirely 
replaced  by  short  grasses,  although  the  land  just  outside  the  breaks, 
where  fires  are  much  less  frequent,  may  be  completely  dominated  by 
bunch-^ass. 

Variations  from  the  Type  op  the  Bunch-Grass  Association. 

Wheret'er  the  composition  of  the  vegetation  approaches  very  closely 
that  of  the  wire-grass  association  (p.  48),  it  indicates  a  somewhat 
heavier  type  of  soil,  one  which  is  by  no  means  so  likely  to  blow  and 
yet  retains  its  ability  to  take  up  water  rapidly  and  to  support  the 
growth  of  deep-rooted  plants.  This  land  is,  consequently,  much  more 
desirable  for  agricultural  purposes  than  that  of  the  pure  bunch-grass 
type. 

Wherever  the  growth  of  bunch-grass  is  unusually  pure  and  dense, 
forming  a  close  cover,  it  indicates  a  condition  of  favorable  water 
supply,  combined  with  rather  high  fertility,  and  is  probably  the  most 
favorable  type  of  bunch-grass  land  for  general  purposes  of  agriculture 
next  to  the  variation  toward  the  wire-grass  association.  The  presence 
of  the  sand  sage  {Artemisia  filifolia,  fig.  20)  and  of  the  taller 
grasses  (figs.  18  and  19)  is  very  often  associated  with  the  occurrence 
of  a  more  sandy  soil  and  of  conditions  approaching  those  indicated  by 
the  sand-hills  mixed  association,  which  is  discussed  in  the  following 
section. 
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TIIE   SAND-HILLS  MIXED   ASSOCIATION. 
GENERAL  APPEARANCE. 

The  great  amount  of  variation  found  in  the  sand-hills  mixed  aaso- 
ciation  (PI.  V,  fig.  1)  makes  its  general  appearance  rather  difficult  to 
describe.  In  general,  it  may  be  said  to  be  dominated  by  taller  growing 
grasses  which  often  form  large  clumps  several  feet  in  diameter  and 
which  do  not  have  the  bunch-grass  habit.  Alternating  with  these 
are  areas  which  are  occupied  by  the  grama  grasses,  BotUdoua  hirsuia 
(fig.  17)  being  the  most  important,  and  by  a  great  variety  of  tafler 
plants  other  than  grasses.  The  most  diaracteristic  feature  of  this 
vegetation  is  the  presence  of  large  and  sharply  alternating  communi- 
ties of  the  coarse-stemmed  grasses,  Calamovilfa  longifoLia  (fig.  18)  and 
Andropogon  haUii  (fig.  19),  locally  known,  respectively,  as '  'sand-grass" 
and  '*big  bluestem." 

BOTANICAL  COMPOSITION. 

The  sand-hills  mixed  association  shows  great  variation  in  boti 
composition,  as  well  as  in  general  appearance.    The  following  are  the 
most  important  species: 


Anstida  longiseta  Steud. 

Bouteloua  oligoetachya  (Nutt.)  Torr. 

Psoralea  tenuiflora  Punih. 


Bouteloua  hirsuta  Lag. 
Andropogon  hallii  Hack. 
Calamovilfa  longifolia  (Hook.)  Hack. 
Artemisia  filifolia  Torr. 

Next  to  Calamovilfa  and  Andropogon  hallii,  sand  sage  (Artemisia 

filifolia,  fig.  20)  is  the  most  noticeable  plant.     Bunch-grass  {Androp(h 

gon  scoparius)  often  occurs  in  this  association,  but  whenever  it  becomes 

abundant  the  vegetation  passes  over  to  the  bunch-grass  association, 

which  represents  a  much  more  stable  tjrpe  of  vegetation. 

The  more  open  the  vegetation  the  greater  the  number  of  species 
which  are  found.  Almost  everywhere  there  are  species  of  secondary 
importance  in  great  variety.  The  following  list  includes  some  of  Xht 
more  numerous  of  these  plants: 

Petalostemum  purpureum  (Vent.)  Rydb. 
Eriogonum  annuum  Nutt. 
Eriogonum  e£fusum  Nutt. 
Sporobolus  cryptandrus  (Torr.)  Gray. 
Amorpha  canescens  Pursb. 
Meriolix  serrulata  (Nutt.)  Walp. 
Stipa  comata  Trin.  &  Rupr. 
Ambrosia  peilostacbya  DC. 
HymenopappUB  fiiifolius  Hook. 
Evolvulus  argenteus  Pursb. 
Helianthus  petiolaris  Nutt. 
TradescSntia  occidentalis  Brit. 
Andropogon  furcatus  Mubl. 


Panicum  virgatum  L. 
Ipomoea  leptophylla  Torr. 
Yucca  glauca  Nutt. 
Artemisia  canadensiB  Michx. 
Andropogon  scoparius  Michx. 
Theleeperma  gracile  (Torr.)  Gray. 
Sorghastrum  nutans  (L.)  Nash. 
Chrysopsis  villosa  Nutt. 
Bouteloua  curtipendula  (Michx.)  Torr. 
Liatris  punctata  Hook. 
Cyperus  busliii  Brit. 
Sideranthus  spinulosus  (Pursb)  Sweet. 
Ratibida  columnaris  (Sims)  D.  Don. 
Artemisia  gnaphalodes  Torr.  &.  Gray. 
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The  soil  on  which  the  sand-hills  mixed  association  occurs  is 
usually  a  purer  sand  than  that  characterized  hy  the  bunch-grass 
ftssociation.     It  is  a  soil  into  which  all  of  the  rainfall  penetrates,  and 


in  its  water  relations  it  is  much  the 
conditions  are,  there- 
fore, favorable  for 
deep-rooted  plants 
(fig.  21,  p.  65).  The 
danger  of  blowing  is 
even  greater  here  than 
on  buDch-grass  land. 


bunch-grass  land.     The 


Breaking  or  plowing 
occasionally  results  in 
establishing  blow-out 
conditions.  When 
blow-outs  do  not  de- 
velop, following  break- 
ing, and  the  land  is 
left  uncultivated  the 
vegetation  returns 
rapidly  to  the  sand- 
hills mixed  type.  In 
the  early  stages  of  re- 
vegetation  typical 
blow-out  grasses  (p. 
60)  quite  commonly 
appear. 

Fire  and  grazing  are 
important  factors  in 
changing  this  tjrpe  of 
vegetation.  Grazing 
alone  can  alter  this  as- 
Bociation  much  more 
than  it  can  the  bunch- 
grass  vegetation,  from 
the  fact  that  all  the  im- 
portant grasses  are  eaten  by  stock.  One  of  the  most  marked  changes 
thus  produced  is  that  the  taller  grasses  are  eaten  down  close  to  the 
ground,  permitting  the  short  grasses  Bouteloua  hirsuta  (fig.  17)  and 
8-  oli^ogtachya  (fig.  2,  p.  25)  to  develop.  Grazing  is  especially  favora- 
We  to  the  sand  sage  [Artemisia  filifolia,  fig.  20),  which  is  not  eaten  by 


Via.  17.— Black  giBnia( 
flowefldg  spikes,  b;  sn 
d;  flowaring  glume,  (. 
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cattle,  and  upon  the  removal  of  the  taU  grasses  and  the  consequent 
increase  of  moisture  available  in  the  deeper  layers  of  the  soil  grows 
into  unusually  large  plants.  In  this  condition  the  appearance  of  the 
association  is  entirely  altered  (PL  V,  fig.  2). 

VARIATIONS  FROM  THE  TTPE   OF  THE  SAND-HILLS  MIXED  A8SOCL&TEON. 

This  type  varies  on  the  one  hand  into  the  bunch-grass  association 
and  on  the  other  into  the  blow-out  association.  (See  below,)  Wher- 
ever the  natural  vegetation  is  thin  there  is  especial  danger  of  blow- 
outs when  the  land  is  plowed,  and  in  such  places  the  plant  cover 
should  never  be  disturbed.  Wherever  the  vegetation  is  dense  this 
land  offers  fairly  good  conditions  for  crop  production.  The  presence 
of  a  luxuriant  growth  of  sand  sage  (PI.  V,  fig.  2)  with  short  grasses 
forming  a  close  mat  between  the  bushes  also  indicates  conditions 
which  are  relatively  favorable  for  crop  production. 

ASSOCIATIONS  IK  EASTERN  COLOBADO  INBICATINO  NONAaSI- 

CXTXTUBAL  LAND. 

THE   BLOW-OUT  ASSOCIATION. 

Some  of  the  most  important  plants  that  colonize  blow-outs*  (PI. 

VI,  fig.  1 )  are : 

Redfieldia  flexuosa  (Thurb.)  Vasey. 
Psoralea  lanceolata  Pursh. 
Muhlenbeigia  pungens  Thurb. 
Petalostemum  villoeum  Nutt. 

Any  one  of  these  sand-binding  plants  may  form  an  almost  pure 
cover  or  they  may  all  occur  in  the  same  blow-out.  These  plants  are 
usually  followed  by  CalainoviLfa  longifolia  (Hook.)  Hack.  (fig.  18), 
Andropogon  haUii  Hack.  (fig.  19,  p.  63),  and  many  other  species 
from  the  sand-hills  mixed  association. 

The  soil  on  which  this  association  occurs  is  a  pure,  coarse  sand. 
Below  the  diy  surface  mulch  of  1  or  2  inches  the  soil  is  usually 
well  supplied  with  moisture,  the  conditions  for  the  conservation  of  a 
limited  moisture  supply  being  even  more  favorable  than  on  summer- 
tilled  land  of  a  heavier  type.  Wlien  once  a  plant  is  established,  con- 
ditions are  favorable  for  growth.  All  of  the  plants  here  mentioned 
spread  rapidly  by  rootstocks  and  runners  and  have  very  extensive 
root  systems. 

THE  OUTIBaBEZIA-ARTEMISIA  ASSOCIATION. 

The  vegetation  of  the  Gutierrezia-Artemisia  association  is  of  an 
open,  scattered  type,  leaving  much  of  the  soil  surface  bare.     It  is 

o  A  typical  blow-out  is  a  large,  crater-like  area,  often  several  hundred  feet  acroes, 
usually  located  in  the  top  or  side  of  a  sand  hill.    The  term  is  here  used  for  all  areas 
where  sand  is  not  held  by  vegetation  and  is  consequently  moving  rapidly  as  a  result 
of  wind  action. 
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oaually  foimd  where  the  surface  of  the  ground  consists  of  partly  dis- 
integr&ted  rock  (PI.  Yl,  fig.  2),  end  varies  considerably  in  different 
portions  of  the  Great  Plains  r^on.  In  the  South  it  is  characterized 
chiefly  by  Gutierresia  sarotkrae  (Pursh)  B.  &  R.  (fig.  22),"  while 
farther  north  Artemv- 
siafrigida  Willd.  (fig. 
2.^)  becomes  predom- 
inant. Except  in  the 
very  earhest  stages  of 
the  development  of 
the  association,  Bou~ 
teloua  oligo8tackya{6g- 
2,  p.  25)  is  always  one 
of  the  most  important 
elements.  In  the  cen- 
tral regions  the  Arte- 
misia and  the  Gutier- 
rezia  meet  or.  almost 
equal  terms.  This 
v^etation  indicates 
areas  where  water 
penetrates  somewhat 
better  than  it  does  on 
pure  short-grass  land, 
but  where,  owing  to 
the  fact  that  the  rock 
is  not  fully  disinte- 
grated into  soil,  the 
establishment  of  veg- 
etation is  taking  place 
rather  slowly.  Such 
land  is,  of  course, 
without  agricultural 
value.  This  associa- 
tion includes  most  of  the  stages  in  succession  from  the  first  plants 
which  appear  after  the  disintegration  of  the  rock  commences  to  the 
final   establishment  of   the   pure  shor1>-grass   cover.      In  its    most 

o  An  attempt  to  recognize  in  the  field  the  many  apeciea  that  have  been  described 
in  thia  genus  leads  to  the  condition  that  in  some  cases  individual  placta  of  dilTc/ent 
agGB  have  been  described  as  difTereat  epecies,  and  that  same  of  these  so-called  species 
are  produced  merely  by  the  operation  of  drought  or  of  wet  weather.  On  this  account 
it  seems  best  to  follow  Coulter  and  Nelson  (N'ew  Manual  of  Rocky  Mountain  Botany, 
1909,  p.  489),  who  stalo  concerning  the  forms  most  commonly  found  on  the  Great 
Plaius  that  "It  were  better  perhaps  lo  cousidet  them  forms  of  this  {Gutieireiia  iaroUirae 
(PuFsh)  B.  A,  R.),  as  did  Doctor  Gray." 
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typical  aspect  it  is  characterized  by  the  dominance  of  the  two  species 
for  which  it  is  named.  A  great  many  other  plants  are  found  in  this 
association,  among  which  are  the  following: 


Actinella  simplex  A.  Nels. 
Eriogonum  effusum  Nutt. 
Hymenoppapus  filifolius  Hook. 
Eriogonum  alatum  Torr. 
Paronychia  jamesii  T.  &  G. 
Meriolix  semilata  (Nutt.)  Walp. 
Pfloralea  tenui flora  Pursh. 
SideranthuB  spinuloeus  (Purah)  Sweet. 
Chrysopsis  villoea  Nutt. 
Eriogonum  jamesii  Benth. 
Bouteloua  curtipendula  (Michx.)  Torr. 
Artemisia  canadensis  Michx. 
Koeleria  cristata  (L.)  Pers. 


Lesquerella  aigentea  (Pursh)  IfacM. 
Astragalus  sericoleucus  Gray. 
Grindelia  squarrosa  (Pursh)  Dun&I. 
Oreocarya  thyrsiflora  Greene. 
Actinella  fastigiata  (Greene)  A.  Nels. 
Lithospermum  angustifolium  Michx. 
Artemisia  tridentata  Nutt. 
Malvastrum  coccineum  (Pursh)  Gray. 
Plantago  purshii  R.  d  S. 
Optmtia  polyacantha  Haw. 
Mentzelia  nuda  (Pursh)  T.  <&  G. 
Petalostemum  purpureum  (Vent.)  Bydb. 
Yucca  glauca  Nutt. 


THE    LICHEN   FORMATION. 

On  the  Great  Plains  plants  of  the  lichen  formation  occur  only  on 
rock  outcrops  and  rock  fragments.  Their  distribution  is,  therefore, 
limited.  In  its  later  stages  this  formation  often  passes  into  the 
Gutierrezia-Artemisia  association  and  frequently  persists  even  aft^r 
the  establishment  of  the  short  grasses.  While  this  formation  Taries 
considerably  in  the  species  present  in  different  portions  of  the  Gre^t 
Plains,  in  its  appearance,  at  least,  it  is  practically  uniform.  Important 
species  in  this  hchen  covering  are: 

Rinodina  oreina  (Ach.)  Mass. 
Lecanora  calcarea  (L.)  Nyl. 
Parmelia  conspeuBa  (Ehrh.)  Ach. 
I.«ecanora  subfusca  allophana  Ach. 

RELATIONSHIP  OF  THE  DIFFEBENT  A8SOCXA.TIOK8. 

NATURAL   SUCCESSIONS.* 

All  the  associations  thus  far  described  are  stages  in  one  or  the  other 
of  two  great  successions  of  vegetation.  One  of  these  begins  with  the 
appearance  of  lichens  on  the  rock  outcrops  and  ends  with  the  full 
establishment  of  a  pure  short-grass  cover.  The  other,  beginning  with 
bare  sand  on  which  plants  of  the  blow-out  association  first  appear, 
leads  to  the  establishment  of  the  sand-hills  mixed  association  or  of 
tlie  bunch-grass  association,  and  from  either  of  these  may  pass  on 
through  the  wire-grass  association  to  a  pure  short-grass  cover. 

In  the  first  succession  the  Uchens  become  established  on  disinte- 
grating  rocks.     As  soon  as  the  rock  is  broken  down  into  finer  particles 


a  See  footnote,  p.  19,  for  a  defiuition  of  the  term  **BUcce88ion.** 
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id  soil  has  been  formed,  plants  of  the  Gutierrezia-Artemisia  associa- 

on  (p.  60  and  PI.  VI,  fig.  2)  begin  to  establish  themselves,  and  gradu- 

ly  the  land  is  occupied  by  this  association.    The  presence  of  many 

>ck  fragments  on  the  surface  of  the  soil  brings  about  a  condition 

ivorable  to  the  downward  percolation  of  water  and  unfavorable  to 

8  loss  by  evaporation.    The  greater  number  of  the  characteristic 

lants  of  this  association  are  without  surface-feeding  roots,  yet  the 

snditions  are  favorable 

>r   the  growth  of   the 

bort^rasses,  and  grama 

TOSS  gradually  becomes 

stablished.     This  shal- 

ow-rooted  grass  takes 

ip  much  of  the  water  in 

he  surface  layers  of  the 

ioil,    and  consequently 

liminishes   the  supply 

nhich  can  penetrate  to  a 

depth  where  it  becomes 

available  to  the  deeper 

rooted  plants  of  the 

GutJerrezia-Artemisia 

association.     In  the 

course  of  time  the  rock 

fragments  become  thor- 
oughly disintegrated, 
forming  a  true  soil,  and 
theshort grasses  become 
dominant;  the  deeper 
rooted  plants  are  slowly 
killed  out  and  the  pure 
short-grass  vegetation  is 
established. 

The  succession  which 
begins  with  the  blow- 
out is  much  more  com- 
plex. The  moving  soil  is  first  held  by  plants  which  constitute  the 
blow-out  association  (p.  60).  This  gives  way  to  the  sand-hilb  mixed 
association  (p.  58  and  PI.  V,  fig.  1)  without  the  intervention  of  any 
factors  other  than  the  appearance  of  the  plants  themselves  and  the 
resulting  increased  stability  of  the  soil.     The  vegetation  may  remain 
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in  this  condition  for  a  long  period  or  it  may  pass  over  into  one  of  ibe 
modifications  of  the  sand-hills  mixed  association  (p.  60  &nd  PL  V, 
fig.  2),  or  it  may  gradually  give  place  to  the  bunch-grass  associitioD 
(p.  54  and  PI.  IV,  fig.  1). 

It  is  probable  that  without  the  intervention  of  fires  or  of  gnODf 
the  succession  would  usually  end  at  this  point.  But  the  intervoititHi 
of  these  factors  is  likely  to  produce  still  further  changes.  The  effect 
of  frequent  fires  may  in  time  change  the  vegetation  from  bunch-praa 
to  short  grass,  or  this  result  may  be  accomplished  through  the  influ- 
ence of  grazing.  The  transition  often  takes  place  through  the  inUi- 
mediate  wire-erass  association  (p.  48  inJ 

way  we   may  say  thtt 
formation  on  uodisinte- 
'egetatioD  passes  gredu- 
mmber  of  well-matk«i 
short-grass   cover,  umI 
Tst  vegetation  on  htn 
:ample,  in  blow-outs)  it 
n  even  greater  Dumber 
>unch-gra83  cover.   Bt 
tnd  grazing  this  bunch- 
grass  cover  in  tinie 
often    passes  over 
gradually  to  the  pure 
shortr^rass  type. 

Still  anothersucwe- 
sion  should  be  men- 
tioned. Where  the 
rocks  which  lUsinte- 
grate  are  sandslone 
the  vegetation  wiud 
estabUshes  itself  after 
F,<..'^.-8«,d«.„,.  (A„.mui.wou.).  Bi^  pUnt. .;  flowing  the  lichou  fomution 
branch,  b:  isai, «.  is  not  the  GutieiTeiii- 

Artcmisia  association,  but  a  wire-grass  or  a  bunch-grass  vegetalioa 
If  the  soil  formed  is  exceedingly  sandy,  the  bunch-^rass  vegetation 
may  become  permanently  established.     If,  however,  the  soil  is  ^ 
sand}-,  wire-grass  vegetation  will  first  become  established,  and  tliis  , 
will  be  followed  gradually  by  pure  short-grass  cover.  i 

We  see,  then,  that  short-grass  vegetation  represents  the  final  stag* 
of  tlirpp  different  successions:  First,  that  b^jinning  with  the  liebe" 
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rmation  and  psssing  through  the  Gutierrezia-Artemisia  association; 
cond,  that  beginning  with  the  lichen  formation  and  passing  through 
le  bunch-grass  and  the  wire-grass  associations;  third,  that  begii^ 
ng  with  the  blow-out  and  passing  through  the  sand-hills  mixed  aaso- 


'la.}1.^4lBtdllbowtagniot<]l>Mbutlanlnttassud'hllbni[x«luiDi4atlan.    BaDd-gnaa, a,-  aandaaga.t; 
buDCh-gnaa.  c  big  btaesUm,  d;  bueli  monijng-glory,  c:  ^iln-fnim.f;  blacl^  gnma.  ir. 

^tion,  and,  with  the  aid  of  fires  or  of  grazing,  through  the  bunch- 
;nsa  and  the  wire-grass  associations. 

SUCCESSIONS    DUB   T<1   THE    INTERVENTION    OF   MAN." 

The  successions  due  to  the  intervention  of  man  are  of  importance 
in  this  connection  from  two  points  of  view.  In  the  first  place  they 
show  to  what  extent  damage  is  done  to  the  native  pasture  or  range 
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by  breaking."  In  the  second  place  they  throw  much  light  upon  tlw 
way  in  which  the  natural  successions  must  have  taken  place,  and 
hence  their  study  has  contributed  greatly  to  a  more  complete  under- 
standing of  the  present  structure  of  the  different  associations  and 
what  they  indicate  as  to  environmental  conditions. 

Wherever  short-grass  land  is  broken  (p.  40)  and  then  abandioed 
it  is  first  covered  by  a  growth  of  weeds,  after  which  the  type  of  v^ 
tation  that  immediately  preceded  the  short  grass  in  this  parlicuUr 
place  regains  posses- 
sion. If,  for  example, 
we  break  short-grass 
land  which  has  beend^ 
rived  from  the  Gutif^ 
rezia-Artemisia  associ- 
ation and  consequentl* 
offers  conditions  favor- 
able to  that  association 
the  land  will  become  oc- 
cupied by  the  latter  as- 
sociation (PI.  II,lig-ll. 
The  Gutierrezia-Artfr 
misia  vegetation  will  in 
turn  gradually  give  way 
to  the  short  grasKS, 
which  i*-ill  be  fully  re- 
established within  a 
period  of  tliirty  to  fiftr 
years.  An  area  of 
short-grass  laud  is 
which  the  physical  oo»- 

Fio,  ■a.—tlaiietuiia  laroikmt.  Young  plant  showing  deep  Uproot,  ditlons  approach  mOIt 
«;oldpLaiilshowlnKbetu.rdfl™lopmentotlalcralrooIs.Wflo™-  _  1.  (I-q^  „f  -j,^ 
head,  c.JiflktlQW.'r.il,- ray  floiwr.f.  nearly      LUUSe     UI    vmr- 

grass  land,  if  broken, 
will  be  possessed  after  the  preliminary  weed  stage  by  plants  of  lb* 
wire-grass  association  (PI,  II,  fig.  2),  and  will  then  gradually  return 
to  the  short  grasses,  the  time  required  being  twenty  to  forty  years. 

Breaking  done  on  wire-grass  land  (p.  52)  will  result  in  the  estab- 
lislimcnt  of  a  vegetation  such  as  usually  characterizes  a  still  lighter 
typo  of  soil.  Many  plants  from  the  bunch^rasa  and  the  sand-hilb 
mixed  associations  enter,  and  in  the  early  stages  of  this  successicm 
hunch-gra-ss  itself  quite  generally  occurs.  The  vegetation  will 
ordinarily  return  to  the  wire-grass  type  in  fifteen  to  thirty  years, 

"  If  n-hriii-^'n))<i4  in  abundant,  breaking  often  improves  the  range,  but  aaaruletlN 

r,ili!.Th.bm;i','pd. 
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Wherever  land  characterized  by  the  bunch-grass  (p.  54)  or  the 
id-hills  mixed  associations  (p.  58)  is  broken  a  blow-out  (p.  60 
d  PI.  VI,  fig.  1)  may  result.  This,  however,  is  unusual,  although 
(re  is  great  danger  if  the  land  is  plowed  in  thie  fall  of  the  year. 
ually  the  weed  stage 

most  prominent  the  * 

it  year  or  so,  but  the 
tive  grasses  soon  re- 
in possession  and  the 
ccession  is  completed 

a  much  shorter  time 
an  on  the  heaviertypes 

land. 

It  will  thus  be  seen 
lat  when  the  vegeta- 
on  of  each  of  the  plant 
isociations  is  destroyed 
Y  breaking  it  will  be 
lUo^wed,  after  the  weed 
;age,  by  vegetation 
laracteristic  of  a  lighter 
?pe  of  soil,  and  also 
lat  this  vegetation  is 
bat  characteristic  of  an 
arlier  stage  in  the  nat- 
ral  succession. 

A  knowledge  of  the 
onditions  indicated  by 
hese  secondary  succes- 
ions  which  result  from 
•reakingis  a  useful  guide 
n  estimating  the  com- 
tarative  value  of  land, 
'"'or  example,  short-grass  land  which  when  broken  reverts  to  wire- 
^ass  should  be  regardeil  as  much  more  favorable  for  agricultural 

>urposes  than  short-grass  land  which  when  broken  becomes  occupied 
)y  Gutierrezia  and  Artemisia. 

PLANT   COMPETITION    AND   THE    REASONS   FOR  THE    SUCCESSIONS. 

The  successions  brought  about  by  breaking  are  probably  due  en- 
tirely to  the  changed  physical  conditions.     The  destruction  of  the 
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entire  surface  vegetation  by  plowing  brings  about  a  condition  whirh 
is  much  more  favorable  for  the  storage  of  water  in  the  soil  than 
previously  existed.  Repeated  observations  in  the  field  show  tlut 
after  a  rain  the  water  penetrates  much  deeper  on  land  that  has 
been  broken  than  on  that  covered  by  the  undisturbed  native  sod. 
This  increase  in  the  depth  of  penetration  is  brought  about  partly  as  t 
result  of  the  great  reduction  in  the  quantity  of  plant  growth  and  the 
consequent  higher  water  content  of  the  soil  previous  to  the  rain  and 
partly  as  a  result  of  decreased  run-off  on  the  broken  land  as  com- 
pared with  the  native  sod. 

Breaking  destroys  the  vegetation  almost  entirely,  thus  leavii^ 
the  area  open  for  the  entrance  of  new  plants.  Naturally,  the  annual 
v/eeds,  with  their  exceptional  ability  to  seed  new  land  and  to  grow 
rapidly  at  almost  any  period  of  the  year  when  temperature  and 
water  content  are  favorable,  are  first  to  appear.  The  species  which 
may  enter  into  this  stage  are  so  numerous  and  their  appearance  is 
so  dependent  upon  the  chances  of  a  supply  of  seed  being  near  at 
hand  that  this  stage  of  the  succession  has  been  passed  over  with 
very  little  discussion.** 

If  after  short  grass  is  turned  under  the  Gutierrezia-Artemisia  type  d 
vegetation  becomes  established  it  is  probable  that  in  the  deeper  layers 
of  the  soil  conditions  are  more  favorable  for  the  growth  of  deep-rooted 
plants  than  they  were  previous  to  breaking.  The  subsequent  reestab- 
lislmient  of  the  short  grasses  on  such  land  and  the  resulting  disappear* 
ance  of  the  Gutierrezia  and  Artemisia  are  likewise  results  of  changes 
in  the  physical  condition.  The  surface  soil  gradually  becomes  haid 
again  and  somewhat  puddled,  resulting  in  decreased  water  penetra- 
tion and  increased  run-off.  Measurement  of  the  rate  of  penetration 
shows  a  great  increase  when  the  surface  of  soil  of  this  character  is 
loosened  or  removed.  Another  condition  which  is  of  great  impor- 
tance here  is  the  direct  competition  for  water  between  the  short 
grasses  and  the  deeper  rooted  plants  of  the  Gutierrezia-Artemiaa 
association.  Many  of  the  latter,  such  as  Actinella,  Eriogonum,  etc., 
have  practically  no  surface  roots.  As  the  short  grasses  gradually 
enter,  their  shallow  roots  have  the  first  chance  at  the  moisture,  which 
after  a  rain  is  held  for  some  time  in  the  surface  layers  of  the  soil  and 
passes  but  slowly  to  deeper  layers  (p.  33). 

The  younger  plants  of  Gutierrezia  have  a  very  deep  tap  root  and 
almost  no  lateral  roots  (fig.  22,  a,  p,  66).  The  short  grasses  are  con- 
sequently able  to  kill  out  this  plant  by  consuming  the  available 
water  before  it  can  reach  the  roots  of  the  Gutierrezia.  This  con- 
dition comes  about  gradually,  however,  and  many  of  the  older 
Gutierrezia  plants  will  be  found  to  maintain  themselves  for  a  long 

o  See  footnote,  p.  41. 
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leriod  in  the  short-grass  cover.  But  an  examination  of  the  roots  of 
uch  plants  will  show  that  the  root  habit  has  become  greatly  changed 
fig.  22,  b).  Many  lateral  roots  have  developed  which  feed  largely 
Q  the  surface  layers  of  the  soil  and  are  in  this  way  able  to  compete 
nth  the  roots  of  the  short  grasses.  The  long  season  required  for 
lutierrezia  to  complete  its  development  and  ripen  seed  is  probably 
me  of  the  reasons  why,  notwithstanding  its  ability  to  modify  its 
oot  system,  it  does  not  succeed  better  in  competition  with  the 
hort  grasses. 

When  wire-grass  vegetation  becomes  established  upon  short-grass 
and  that  has  been  broken  the  plants  of  this  association  are  likely 
0  dominate  for  a  number  of  years.  But  the  cover  is  never  very 
ilose,  and  in  the  interspaces  the  short  grasses  soon  become  estab- 
ished.  Wire-grass  is  deep  rooted  and  feeds  in  layers  of  the  soil 
ower  than  those  which  sustain  the  short  grasses.  The  wire-grass 
8  gradually  shut  out  by  the  short  grasses,  which  absorb  the  water  in 
ihe  surface  layers,  leaving  little  or  none  for  deeper  rooted  plants. 
[t  is  clear  that  with  a  Umited  water  supply  the  short  grasses,  having 
roots  which  completely  occupy  the  surface  soil,  are  able  to  drive  out 
the  deeper  rooted  plants  with  which  they  come  into  competition. 

Wire-grass  land  affords  a  good  illustration  of  a  balanced  condi- 
Uon — a  condition  of  continual  stress  between  the  short  grasses  and 
khe  deeper  rooted  plants  (fig.  14,  p.  51).  The  fact  that  water  is  avail- 
able in  the  deeper  layers  of  the  soil  is  demonstrated  by  the  presence 
d!  many  deep-rooted  plants  on  this  land,  and  it  might  be  supposed 
that  under  these  conditions  bunch-grass  would  take  possession. 
But  in  this  connection  we  should  consider  that  bunch-grass  requires 
a  long  season,  approximately  one  hundred  and  fifteen  days,  to  com- 
plete its  growth,  while  wire-grass  requires  only  about  forty  days  to 
ripen  seed.  Even  PsorcHea  tenuiflora  (fig.  12,  p.  46),  which  is  one 
of  the  long-season  plants  of  the  wire-grass  association,  requires  only 
about  eighty  days.  In  the  wire-grass  areas  there  is  less  water  in  the 
deeper  layers  than  on  bunch-grass  land,  and  it  is  in  all  probability 
exhausted  much  earlier  in  the  season.  The  plants  of  short-grass 
land  are,  as  a  rule,  short-season  plants,  grama  grass  requiring  sixty 
dajTs  to  mature,  while  buffalo  grass  requires  only  about  thirty-six 
days.  The  plants  of  the  wire  grass  association  are  intermediate  in 
length  of  season.  Bunch-grass  and  many  of  the  species  associated 
with  it  require  a  long  growing  period,  and  a  sufficient  water  supply 
te  necessary  throughout  the  summer. 

The  behavior  of  the  native  vegetation  indicates  clearly  that  the 
conditions  favorable  for  growth  on  short-grass  land  last  for  only  a 

comparatively  short  season,  beginning  with  the  spring  rains  and 

extending  to  about  the  middle  of  summer.    The  more  important 
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plants  of  this  association  can  mature  in  sixty  days  or  less  and  mm 
of  them  in  less  than  forty  days.  On  wire-grass  land  the  season  ia 
somewhat  longer,  while  on  bunch-grass  land  it  is  almost  twice  as 
long,  the  principal  species  requiring  considerably  over  one  hundred 
days  to  mature  seed. 

The  physical  conditions  on  bunch-grass  land  are  favorable  for  the 
development  of  wire-grass  and  of  the  short  grasses  as  well  as  of 
bunch-grass.  The  two  former  are  kept  down  by  direct  competition, 
by  being  shaded  by  the  taller  bunch-grass.  The  physical  conditions 
on  wire-grass  land  are  favorable  for  the  short  grasses,  and  these  are 
kept  down  in  the  same  way  by  the  wire-grass.  On  the  other  hand, 
the  physical  conditions  encountered  on  the  short-grass  land  are 
decidedly  unfavorable  for  bunch-grass  and  often  for  wire-grass  as 
well. 

Grazing  and  fires  bring  about  conditions  which  are  especially  inter- 
esting from  the  standpoint  of  plant  competition.  Working  together 
they  keep  down  the  bunch-grass  and  similar  taU-growing  species, 
thus  allowing  the  short  grasses  to  maintain  themselves  notwithstand- 
ing the  fact  that  the  other  conditions  are  favorable  for  the  growth  of 
deep-rooted  plants.  The  effect  of  close  grazing  on  land  occupied  bj 
the  sand-hills  mixed  association  (PI.  V,  fig.  1),  which  often  results  in 
establishing  a  pure  short-grass  vegetation  between  the  plants  of  sand 
sage,  offers  a  most  interesting  example  of  this  condition.  The  sage, 
which  is  not  eaten,  develops  into  large  bushes,  owing,  doubtless,  to 
the  fact  that  it  has  no  competitors  for  the  water  in  the  deeper  layers 
of  the  soil.  The  short  grasses  also  grow  well  on  such  land,  since  the 
taller  grasses  are  kept  down  by  grazing  and  can  not  displace  the  short 
grasses  by  overtopping  them. 

CBOP  PBODTTCTION  ON  liAND   CHABACTEBIZED  BY  BIFFEBEKT 

TYPES  OF  VEGETATION. 

CROP  PRODUCTION   ON    SHORT-GRASS   LAND. 
PHYSICAL  CONDITIONS   OF  CULTIVATED  SHORT-GRASS  LAND. 

The  physical  conditions  indicated  by  the  presence  of  short  grasses 
have  already  been  discussed  on  pages  27  to  40.  The  water  supply 
available  for  the  plant  is  greatest  in  June  and  rapidly  decreases  m 
July,  August,  and  September.  The  native  plants,  almost  without 
exception,  require  only  a  short  growing  season.  In  eastern  Colorado 
land  characterized  by  short-grass  vegetation  is  a  loam  which  viU 
easily  take  up  25  per  cent  of  the  water  after  a  rain.  The  water  pene- 
trates slowly,  and  as  a  result  of  the  ability  of  the  soil  to  hold  a  higt 
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ercentage  moisture  is  usually  confined  to  the  upper  foot  or  two  of 
>il.  Wherever  the  land  is  kept  free  from  vegetation,  as  in  summer 
llage  without  crop,  loss  of  water  is  greatly  retarded  and  water  may 
e  conserved  for  a  fall  crop. 

WATER  PENETRATION. 

Measurements  were  made  to  determine  the  comparative  penetra- 
lon  and  run-oflF  from  cultivated  land  and  from  the  native  sod,  care 
eing  taken  to  avoid  low  places  or  places  where  there  was  a  percepti- 
le  slope.* 

On  September  3,  after  a  rainfall  of  1.12  inches,  very  careful  measure- 
ments were  made  at  the  Akron  Dry-Land  Experiment  Farm,  on  6 
om  plats,  1  kafir  plat,  and  1  summer-tilled  plat.  The  com  plats 
iTere  all  well  cultivated  and  had  received  various  treatments  previous 
o  spring  planting  to  com.  The  conditions  represented  a  wide  range 
4  soil  management  and  should,  therefore,  have  given  good  averages. 
Sach  measurement  was  based  upon  three  carefully  selected  samples 
vhich  were  chosen  in  places  of  average  water  penetration  as  shown 
>y  the  depth  to  which  the  dark  color  of  the  moist  soil  extended.  This 
•ain  was  of  a  torrential  character  and  conditions  were  most  favorable 
or  a  high  rate  of  run-off.  The  run-off  at  the  base  station  in  the 
ihort-grass  land,  where  the  records  of  soil-moisture  content  were 
;aken  twice  daily  throughout  the  season,  was  the  greatest  recorded 
luring  the  whole  period.  The  comparative  results  are  given  in 
Fable  X. 

Fable  X. — Penetralion  and  run-off  for  short-grass  sod  and  cultivated  land  at  Akron, 

Colo.  J  as  a  result  of  a  1.12-inch  rain^  September  Sy  1909. 


Description  of  land. 


Bhort^grass  sod  at  base  station 


Penetra- 
tion. 


Run-off. 


Per  cent. 
45 


Average  for  8  cultivated  plats 51 


Per  cent. 
55 

49 


From  these  results,  as  well  as  from  those  recorded  in  another  pub- 
lication,* it  is  evident  that  run-off  is  a  factor  of  great  importance. 

The  data  here  given  show  that  the  run-off  on  cultivated  land  was 
very  great,  in  fact,  almost  as  great  as  on  the  short-grass  sod. 

As  a  result  of  the  heavy  rain  of  2.39  inches  on  July  7,  the  comparative 
data  following  were  obtained. 

0  The  penetration  and  run-off  on  land  covered  with  short-grass  vegetation  are  did- 
cuaeed  in  detail  on  p.  34. 

^  Briggs,  L.  J.,  and  Belz,  J.  O.    Dry  Farming  in  Relation  to  Rainfall  and  Evapora- 
tion.   Bulletin  188,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  1910,  p.  15. 
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Table  XI. — Penetration  and  run-qf  for  thort-^rate  9od  and  ntmmer-tiUed  pkt. 

Akron,  Colo.,  at  a  remdt  of  a  f  .^-in«ft  rain  July  7,  1909. 


Desoriptlon  of  land. 


PtreaU.   Paca 

Bhort-inttfsfod  at  basestation  . . . « 86 

Si]nuner>UUed  plat 48 


This  high  percentage  of  run-off  from  summer-tilled  land  acoovj 
with  the  results  of  previous  measurements.^  Many  observations  i 
the  field  show  that  the  penetration  of  rain  water  into  a  dust  mold 
such  as  is  often  maintained  on  a  summer-tilled  field,  is  very  slow,  tf 
that  this  mulch  is  almost  as  effective  a  preventive  of  water  penetn 
tion  as  of  evaporation.  On  the  other  hand,  observations  of  the  pea 
tration  on  newly  plowed  sod  and  on  lumpy,  cultivated  land  show  th 
when  the  surface  is  in  a  rough  condition  water  enters  rapidly.  It 
desirable,  especially  during  the  rainy  season,  to  have  the  soil  in  s» 
condition  as  to  prevent  run-off  as  far  as  possible,  and  to  develop 
dust  mulch  only  when  the  soil  is  already  well  supplied  with  water. 

BBHAYIOR  OF  CROP  PLANTS. 

Because  of  the  fertility  of  the  soil,  cultivated  crops  on  short-gn 
land  usually  produce  a  luxuriant  growth  in  the  spring  and  early  sm 
mer.  The  water  supply,  although  high  enough  in  percentage,  dfl 
not  extend  to  any  considerable  depth  and  the  crop  is  in  veiy  nni 
the  same  condition  as  that  of  potted  plants  where,  although  the  wal 
supply  is  sufficient  temporarily,  it  is  soon  exhausted  by  rapid  gro^ 
and  the  plant  is  suddenly  left  with  no  reserve.  The  very  rapid! 
and  luxuriance  of  the  early  growth  exhaust  the  water  supply  aU  1J 
more  rapidly,  and  the  fact  that  the  water  is  limited  to  a  shallow  si 
face  layer  of  soil  means  that  loss  by  direct  evaporation  is  relativi 
high.  During  the  latter  part  of  July  conditions  are  almost  sure' 
occur  which  will  cause  a  sudden  drying  up  of  the  crop.  This  coni 
tion  takes  place  so  suddenly  that  it  is  practically  impossible  for  al 
crop  to  adjust  itself  rapidly  enough  to  meet  this  change.  Com 
especially  liable  to  be  destroyed  at  this  critical  period,  for  it  possess 
little  ability  to  recover  after  drought.  Wheat  crops,  particularly  tl 
fall  wheats,  may  be  ripened  before  the  period  of  drought  comes  ol 
but  this  does  not  always  happen,  and  in  especially  unfavorable  yei 
even  the  small  grains  will  be  an  entire  failure.     On  the  other  had 

p  _         a ■ ■ ' —  I  - 

a  Briggs  and  Belz,  op.  cit. ,  p.  15.  The  comparatively  low  percentage  of  run-off  at  i 
base  station  has  already  been  diBcusBed.    (See  p.  34.) 
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ring  wet  years  or  years  in  which  a  moderate  rainfall  is  unusually 
11  distributed,  crop  production  on  short-grass  land  is  greats  than 

any  other  type  of  land  in  eastern  Colorado. 

The  frequent  failures  of  crops  on  short-gmss  land  are  largely  due 
lack  of  sufficient  rainfall  or  to  its  unequal  distribution.  Another 
Lson  is  the  fact  that  during  torrential  rains  by  no  means  all  of  the 
xxf all  is  stored  in  the  soil,  a  great  amount  running  off,  while  that 
licli  enters  the  soil  remains  near  the  surface  and  is  rapidly  lost  by 
aporation.  A  further  point  of  importance  is  that  because  of  the 
undance  of  plant  food  the  crop  often  grows  too  luxuriantly  in  the 
ginning  and  consequently  uses  up  at  too  early  a  period  in  its  growth 
ft  moisture  which  should  have  sufficed  for  the  entire  season.'  Under 
Bse  conditions  a  field  of  wheat  which  produces  a  good  stand  of  straw 
aty  produce  no  grain,  the  excessive  growth  of  straw  having  exhausted 
e  water  supply  before  the  grain  could  ripen.  The  same  is  true  of 
ber  crops,  especially  com,  which  often  dries  out  just  at  the  period 

earing.  In  this  connection  it  is  interesting  to  note  that  in  this 
gion  when  land  is  manured  the  resulting  stimulation  of  growth 
most  always  exhausts  the  water  supply  too  rapidly.  Hence  a  gen- 
al  impression  prevails  throughout  the  Great  Plains  region,  based 
i  actual  experience,  that  manure  will  cause  a  crop  to  bum  up ;  and 

is,  therefore,  only  rarely  used.  These  facts  make  it  necessary 
lat  the  importance  of  thin  seeding  be  emphasized.  Where  too 
jany  seeds  are  planted  the  crop  uses  up  the  total  water  supply  before 
ly  of  the  plants  mature.  Thin  planting,  on  the  other  hand,  lea^^es 
greater  water  supply  for  each  individual  plant.  These  facts  also 
idicate  that  dwarf  strains  are  better  adapted  to  short-grass  land 
lan  the  larger  and  more  luxuriant  varieties. 

Reference  to  the  rainfall  records  for  eastern  Colorado  (p.  28)  will 
taw  that  during  average  years  the  water  supply  decreases  rapidly 
•om  July  to  November.  The  increased  heat  in  July  and  August 
lakes  this  a  period  of  the  year  when  drought  is  to  be  expected. 
te  natural  plant  cover  consists  chiefly  of  species  that  complete 
iieir  growth  by  the  middle  of  July.  These  conditions  of  climate 
nd  soil,  illustrated  by  the  behavior  of  the  native  vegetation,  show 
hat  short-grass  land  is  best  adapted  to  what  might  be  termed 

early-season  crops'' — crops  which  mature  early  in  July.  The  pro- 
iuction  of  later  crops  during  average  years  is  more  or  less  uncertain 
lecause  of  the  tendency  for  drought  to  occur  after  the  middle  of 
ummer.    Among  the  most  successful  later  crops  are  sorgo,  milo,  etc., 

fl  See  Chilcott,  E.  C,  **  A  Study  of  Cultivation  Methods  and  Crop  Rotations  for  the 
Ireat  Plains  Area,"  Bulletin  187,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agricul- 
ure,  1910,  p.  19. 
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which  by  their  slow  growth  during  the  early  season  conserve  the 
soil  moisture  and  on  this  account  are  enabled  to  continue  growth 
longer  than  other  crops  which  rapidly  exhaust  the  soil  moisture. 

Under  natural  conditions  short-grass  land  is  not  at  all  adapted  to 
deep-rooted  crops,  and  clean  cultivation  is  required  to  establish  csm- 
ditions  favorable  for  such  plants.  Tillage  on  short-grass  land  always 
produces  more  favorable  water  relations  by  conserving  the  moist^ire 
which  enters  the  soil. 

Many  timber  claims  are  found  in  eastern  Colorado,  but  few  of  them 
occur  on  short-grass  land.  Yet  in  some  places  trees  have  done  sur- 
prisingly well  on  such  land.  While  these  trees  grow  on  land  which 
was  previously  covered  with  the  short  grasses,  the  land  on  which  the 
trees  stand  now  produces  wire-grass,  as  a  result  of  the  breaking  done 
when  the  trees  were  planted.  On  this  hard  type  of  land  the  most 
successful  trees  seem  to  be  the  ash  and  the  box  elder,  although  many 
other  species,  especially  the  elm,  hackberry,  and  honey  locust,  have 
grown  fairly  well. 

With  clean  cultivation  and  with  the  trees  set  far  apart,  orchards 
of  apple,  plum,  cherry,  pear,  and  peach  trees  have  been  established 
in  several  places.  The  most  successful  tree  growth,  however,  occurs 
in  land  where  wire-grass  or  Psoralea,  or  both,  are  rather  abundantly 
mixed  with  the  short  grasses.  Such  trees  as  willow  and  cottonwood 
are  not  at  all  adapted  to  the  conditions  existing  on  short-grass  land. 

Under  conditions  such  as  these  there  seems  little  to  justify  the 
assumption  that  alfalfa  will  last  for  many  years  on  short-grass  laiui 
even  if  a  stand  can  be  secured.  It  is  a  very  deep-rooted  plant  and 
not  at  all  adapted  to  the  conditions  above  described.  That  water 
supply  is  the  principal  limiting  factor  should  always  be  borne  in 
mind  in  considering  crop  production  in  this  region.  A  field  of  r^idlv 
growing  alfalfa  such  as  may  be  seen  in  irrigated  sections  would 
exhaust  the  total  water  supply  of  the  soil  in  a  few  days.  Yet  it  fe 
possible  that  alfalfa,  when  not  too  thickly  seeded  or,  preferabhr^ 
planted  in  rows  or  hills  with  intertillage,  can  be  made  a  profitable 
crop  on  short-grass  land. 

The  impression  that  a  very  large  yield  can  be.  obtained  provided 
especially  adapted  crop  plants  be  grown  also  seems  unfounded,  for 
with  the  limited  water  supply  even  the  native  plants  and  weeds  never 
produce  a  great  amount  of  dry  matter  in  a  single  season  (p.  SI). 
The  best  estimates  obtainable  as  to  the  amount  of  water  required  to 
produce  a  pound  of  dry  matter  make  it  probable  that  with  the 
average  seasonal  rainfall  of  eastern  Colorado  it  would  be  imp>ossible 
to  produce  more  than  3  tons  per  acre,  even  if  no  water  were  evapo- 
rated directly  from  the  soil  and  there  were  no  run-off. 
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CROP   PRODUCTION   ON    WIRE-GRASS   LAND. 
PHYSICAL  CONDITIONS   OF  CULTIVATED   WIRE-GRASS   LAND. 

The  physical  conditions  on  wire-grass  land  (p.  50)  are  very  dif- 
3rent  from  those  of  short-grass  land  (p.  27).  The  soil,  being  of  a 
luch  lighter  texture,  absorbs  practically  all  the  rain  that  falls  upon 
\,  and  permits  the  moisture  to  penetrate  to  greater  depths.  Conse- 
uently  there  is  a  bed  of  moist  soil  extending  to  a  depth  of  several 
Bet.  The  presence  in  the  native  vegetation  of  many  deep-rooted 
»lants  indicates  this  condition.  Under  cultivation  it  is  probable  that 
7ater  penetrates  still  more  easily  than  under  natural  conditions. 
iHirthermore,  the  loss  of  water  by  evaporation  is  retarded  to  a  very 
;reat  extent  by  cultivation.  As  a  result  we  find  here  a  condition  very 
avorable  for  the  production  of  crops  either  shallow  or  deep-rooted. 

Since  water  is  distributed  to  considerable  depths  in  this  type  of 
oil,  the  exhaustion  of  the  water  supply  in  the  immediate  vicinity  of 
he  roots  is  not  necessarily  fatal  to  the  plant,  for  there  is  a  large  area 
►f  moist  soil  into  which  roots  can  penetrate  or  from  which  water  can 
Qove  slowly  to  where  it  is  within  reach  of  the  root  systems,  and  this 
urea  serves  as  a  reserve  in  time  of  drought.  The  loss  of  water  by 
ivaporation  after  a  rain  is  not  so  great  on  wire-grass  land  as  on  short- 
jrass  land  and  the  conditions  for  the  conservation  of  the  water  supply 
hrough  the  whole  season  are  much  better. 

BEHAVIOR   OF  CROP  PLANTS. 

Taking  one  year  with  another,  wire-grass  land  is  the  best  in  the 
egion  for  agricultural  purposes.  The  yield  in  wet  years  is  almost 
qual  to  that  of  the  short-grass  land  and  during  the  average  year  it 
s  much  better.  Often  when  crops  fail  entirely  on  short-grass  land 
rire-grass  land  will  produce  good  crops.  The  conditions  on  land  of 
his  type  are  such  as  to  favor  deep-rooted  crop  plants.  It  is  believed 
hat  alfalfa,  especially  if  planted  in  rows  or  hills  and  not  too  close 
ogether,  will  here  find  excellent  conditions  for  its  growth. 

Successful  tree  claims  are  more  numerous  on  this  type  of  land  than 
m  land  of  any  other  type.  Among  the  species  that  succeed  best  are 
ihe  elm,  ash,  box  elder,  black  locust,  and  honey  locust.  The  finest 
jrove  of  trees  seen  by  the  writer  in  this  portion  of  the  Great  Plains 
«ras  on  this  type  of  land  at  Cope,  Colo.  Cottonwood  and  poplar,  as 
(^ell  as  a  great  variety  of  fruit  trees,  were  growing  successfully  in  this 
jrove.  There  is  a  possibility  that  at  this  place  the  trees  are  subirri- 
gated  by  water  that  seeps  down  from  the  sand  hills,  yet  this  seems 
unlikely,  for  during  the  latter  part  of  the  sunmier  of  1909  many  of 
the  trees  in  this  plantation,  especially  those  which  were  in  competi- 
tion with  the  grasses,  suffered  so  severely  from  drought  that  their 
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foliage  was  badly  wilted.  If  subirrigation  were  taking  place,  thk 
would  hardly  have  occurred,  for  many  of  the  trees  in  places  known 
to  have  no  subirrigation  were  in  better  condition,  although  subjected 
to  the  same  drought. 

In  general,  it  may  be  stated  that  on  wir^grass  land  the  vster 
penetrates  to  a  considerable  depth  and  that  the  coiiditioiis  are  ytirj  I 
favorable  for  the  development  of  deep-rooted  plants.  The  effect  of 
cultivation  on  moisture  conservation  is  not  so  great  as  on  short-gns 
land,  but  is  still  rather  mariced.  The  degree  to  whi<^  the  s(h1  texture 
favors  the  penetration  and  conservation  of  water  makes  this  knd  tbe 
best  type  for  agricultural  purposes  found  in  eastern  Colorado.  Umler 
the  same  cUmatic  conditions  crops  will  mature  easily  on  this  type  of 
land  when  on  short-grass  land  they  are  entirely  burned. 

CROP   PRODUCTION   ON   RUNCH-GRASS   LAND, 

PHTSTCAL  CONDITIONS   OP  CtTLTIVATED   BUNCH-GRXaS  LA-ND. 

The  physical  conditions  indicated  by  bunch-grass  vegetation  (p. 
55)  are  those  most  favorable  for  the  growth  of  deep-rooted  planU. 
In  eastern  Colorado  this  vegetation  indicates  a  sandy  soil  in  which 
water  penetrates  very  readily  and  to  great  depths.  The  cultivation 
of  this  soil  does  not  materially  facilitate  water  penetration  nor 
diminish  the  rate  of  water  lass.  We  have  iinder  natural  conditioos 
a  water  relation  which  is  most  favorable  for  the  growth  of  plants 
(PI.  rV,  fig.  2)  with  deep  and  extensive  root  systems. 

BEHAVIOR  OF  CROP  FLAKIS. 

During  wet  jes^rs  the  eaae  with  whioh  water  peroolatos  makes  it 
practically  impossible  for  the  soil  to  become  too  moist  for  the  best 
growth  conditions.  During  dry  years  growth  is  slow  on  this  type  of 
land,  and  as  a  consequence  the  water  is  only  slowly  exhaust^  by 
the  plants.  Because  of  the  great  depths  to  which  water  penetrates 
and  is  stored  in  the  soil,  plants  are  aUe  to  <;ontinue  growth  during  & 
long  period  of  drought  by  the  gradual  extension  of  th^r  root  sys- 
tems. Under  the  same  climatic  conditions  bunch-grass  land  can 
produce  a  fair  crop  when  water  is  entirely  lacking  in  short-grass  land. 
In  fact,  the  bunch-grass  land  during  excessive  drought  is  the  best 
type  for  crop  production,  but  during  average  years  it  is  c<»i8iderably 
inferior  to  wire-grass  land,  largeJy  becauBe  the  latter  is  richer  in 
plant  food.  In  a  series  of  pot  experiments,  soil  from  short-grass  laad 
produced  much  the  best  growth,  wire-grass  land  ranked  next,  bunch- 
grass  land  next,  soil  from  the  sand-hills  mixed  association  next^ 
while  soil  from  the  blow-out  association  produoed  the  least  growlli* 
This  is  directly  in  accordance  with  the  producticm  of  crops  lUMfer 
field  conditions  when  each  type  of  soil  is  well  suppUed  with  wat«r. 
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''^'ich-grass  land  has  the  further  disadvantage  of  being  liable  to 
V  badlj.    Hence  very  little  attempt  has  been  made  to  utilize  this 

'  1  for  small-grain  crops.    The  most  successful  crops  have  been 
a,  sorgo,  miloy  etc. 

^n  eastern  Colorado  land  of  this  type  and  that  of  the  wire-grass  type 
^  *tten  referred  to  as  "com  land/'  since  by  far  the  greater  yi^d  of 
**  s  crop  is  produced  on  farms  which  pxe  on  either  bunch-grass  or 

« "^e-grass  land.  During  the  falls  of  1907  and  of  1908  many  good  fields 
'  'com  were  seen  on  bunch-grass  and  wire-grass  land,  while  on  the 
vjjacent  short-grass  land  the  crop  was  an  entire  failure. 
tr  Frees  of  many  different  kinds  are  commonly  grown  on  bunch-grass 
»tid.  The  Cottonwood,  willow,  Carolina  poplar,  soft  or  silver  maple, 
^r^lnut,  catalpa,  ash,  elm,  box  elder,  honey  locust,  black  locust,  cherry, 
pie,  pliun,  Russian  mulberry,  etc.,  make  a  good  growth  on  land  of 
^'is  type,  and  even  on  land  marked  by  the  sand-hills  mixed  vegetation 
.  58),  and  occasionally  by  the  blow-out  type  (p.  60  and  PL  VI, 

;.  1)  of  vegetation.  Conditions  on  bimch-grass  land  are  favorable 
CfT  deep-rooted  crops,  such  as  trees  and  alfalfa.  Very  successful 
'^Ids  of  alfalfa  are  here  and  there  found,  especially  where  it  has  been 
c  teded  in  rows  and  where  other  plants  are  not  allowed  to  compete 

ith  it  for  the  soil  water. 

PKECAUnONS   NBCB88ART  IN  HANDLING   BUNCH-ORA88  LAND. 

.'  Ordinary  moisture-conservation  methods  of  tillage  should  never 
le  practiced  on  bunch-grass  land,  since  nothing  is  to  be  gained  and 
here  is  every  chance  of  loss  due  to  blowing.  As  a  result  of  many 
ibservations  in  the  field,  the  following  methods  are  suggested : 

(1)  The  land  should  be  laid  out  in  long  narrow  fields  running  east 
ind  west.* 

(2)  The  crops  should  be  so  arranged  that  two  adjacent  fields  are 
not  prepared  for  seeding  at  the  same  time  and  the  soil  in  both  thus 
(eft  without  protection. 

(3)  Because  of  the  value  for  hay  of  the  natural  growth  of  grasses 
occasional  or  even  alternate  fields  may  be  left  imdisturbed  for  this 
purpose. 

(4)  By  proper  care  in  arranging  the  crops  those  which  do  not  afford 
a  sufficient  cover  to  prevent  the  soil  from  blowing  can  be  protected 
by  adjacent  crops  which  do  prevent  soil  movement. 

(5)  When  practicable,  as  much  of  the  straw  or  stubble  should  be 
left  on  the  field  as  will  be  necessary  to  prevent  blowing  during  winter 
and  early  spring. 

<>  As  indicated  by  the  blow-outs  the  winds  which  do  the  most  damage  are  from  a  little 
west  of  north  and  a  little  east  of  south,  hence  approximately  at  right  angles  to  narrow 
fields  running  east  and  west. 
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(6)  Since  cultivation  does  not  noticeably  increase  water  coiisen>l 
tion,  only  such  cultivation  should  be  done  as  is  necessary  to  keep' 
down  weeds. 

(7)  When  practicable,  cultivation  should  be  done  only  when  thft| 
surface  soil  is  damp. 

(8)  If  the  soil  has  begun  to  blow,  cultivation  deep  enough  to  briogj 
moist  soil  to  the  surface  will  often  check  it. 

(9)  Care  should  be  taken  to  avoid  breaking  the  native  sod  on  crests 
or  hilltops. 

(10)  Com,  sorgo,  milo,  and  deep-rooted  crops,  especially  perennials. 
such  as  trees  and  alfalfa,  should  be  tried. 

A     COMPARISON     OF    THE     CONDITIONS     INDICATED     BY     SHOBT-GRAiiS. 

WIRE-GRASS,    AND   BUNCH-ORASS   VEGETATION. 

THE   80IL-HOI8TURB   RELATIONS  INDICATED. 

In  comparing  the  conditions  found  on  short-grass,  wire-grass,  and 
bunch-grass  land,  respectively,  in  the  limited  area  especially  consid- 
ered here,  we  find  that  they  are  largely  expressed  in  the  different 
water  relations  of  the  different  soils.  The  rates  of  water  penetration 
as  measured  on  these  three  types  of  land  under  the  same  climatic 
conditions  during  the  summer  of  1909,  and  also  comparisons  of  typical 
samples  of  these  soils  as  to  other  water  relations — moisture  equivalent 
and  nonavailable  soil  moisture  for  Kubanka  wheat — are  given  in 
Table  XII. 

Table  XII. — Comparison  of  water  relations  of  short-grass^  wire-grass^  and  btindi-gntt 

land,  a 


Item  of  comparison. 


Time  requirefl  for  one-half  inch  of  water  to  penetrate seconds. . 

Moisture  equivalent per  cent. . 

Nonavailable  moisture  for  Kubanka  wheat do — 


Sbortrcraas 
land. 


540 
18.1 
9.G 


Wiie^^rass 
land. 


BoDcb* 

gnsslacd' 


I 


9.7 
4.8 


40 
4.7 
i« 


n  Seo  footnote,  p.  18,  foi*  a  definition  of  the  terms  "moisture  equivalent"  and  "nonavailable  mots:nrp" 
It  will  be  noted  that  the  nonavailable  water  content  bears  a  practicallv  constant  ratio  to  the  moisture 
equivalent  for  these  three  types  of  soil.  This  relationship  has  been  under  fnvestigatlon  during  the  past  t«v 
yearH  by  Dr.  L.  J.  Briggs  and  the  writer,  and  will  be  fully  discussed  in  a  publication  now  in  preparaiioa. 

Since  these  soils  weigh  approxunately  84,  93,  and  96  pounds, 
respectivelj",  per  cubic  foot,  we  can  estimate  the  depth  of  penetration 
of  any  given  amount  of  ramfall,  provided  we  know  the  water  content 
of  the  soil  before  and  after  the  rain.  We  mav  assume,  for  the  sake  of 
illustration,  that  the  water  content  of  the  soil  before  the  rain  is  the  non- 
available  moisture  for  Kubanka  wheat,  and  after  a  rain  that  the  water 
content  is  equal  to  the  moisture  equivalent.  The  depth  to  which 
water  would  penetrate  in  the  different  soils  under  these  conditions, 
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►rovided  none  were  lost  by  run-off  or  immediate  evaporation,  is 
liown  in  Table  XIII. 

TA.BLE  XIII. — Estimated  depth  of  water  penetration,  assuming  that  the  water  content  of 
the  soil  to  the  depth  of  penetration  is  raised  by  the  added  moisture  from  the  nonavailable 
moisture  to  the  moisture  equivalent. 


Depth  of  penetration  in  inches. 

As  a  result  ot— 

Short-grass 
land. 

Wira-oass 
land. 

Bunch- 
grassland. 

>iie  inch  of  rain 

8,7 
90 

13.7 
142 

30  0 

rhe  avenuie  seasonal  rainfoU.  April  to  July.  10.35  inches 

320 

Differences  in  the  depth  of  moisture  penetration  are  to  a  great 
extent  the  causes  of  the  differences  in  the  ability  of  crops  to  resist 
irought  on  land  of  the  diflFerent  types.  Where  the  moisture  is  held 
lear  the  surface  it  is  not  only  more  readily  lost  by  direct  evaporation 
but  can  be  rapidly  exhausted  by  the  plants,  whose  roots  reach  to 
jvery  part  of  the  moist  layer  of  the  soil.  Where  the  water  is  dis- 
tributed to  greater  depths  it  is  not  only  less  readily  lost  but  can  not 
be  exhausted  so  quickly  by  growing  plants. 

It  should  be  noted  that  streams  originating  in  the  sand  hills  are 
permanent  and  do  not  dry  up  during  periods  of  drought.  This 
Indicates  that  water  is  lost  by  percolating  beyond  the  reach  of  the 
plant  roots.  However,  the  amount  which  is  lost  in  this  way  is  prob- 
ably almost  negligible  as  compared  with  that  dissipated  by  evapora- 
tion and  transpiration. 

In  this  region  the  soils  are  often  very  dry  in  the  fall  of  the  year  and 
continue  so  until  early  spring.  From  repeated  measurements  the 
data  in  the  first  column  of  figures  of  Table  XIV  are  given  as  the 
approximate  water  content  of  the  top  foot  of  soil  at  the  end  of  the 
dry  season  just  before  the  spring  rains  begin. 

It  will  be  seen  from  the  figures  in  Table  XII  and  the  first  column 
of  figures  in  Table  XIV  that  something  more  than  the  quantity  of 
water  shown  in  the  three  right-hand  columns  of  Table  XIV  must  be 
added  to  each  soil  before  any  will  become  available  for  the  plant. 

Table  XIV. — Water  status  at  end  of  dry  season  for  three  hinds  of  soil. 


Kind  of  soil. 


Percentage 

of  water 

present  in 

surface  foot 

of  soil. 


Maximum  percentage  and  quanti- 
ties of  water  which  can  be  added 
before  any  will  become  available 
to  the  plant. 


Percentage. 


Pounds  of 

water  per 

cubic  foot 

of  soil. 


Short-giassland.. 
Winygrass  land . . 
Bunch-grass  land . 


20X 


5.0 
2.7 
1.3 


Inches  of 

water  per 

foot  of  soil 

in  depth. 


0.74 
.37 
.24 
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From  the  above  data  it  is  evident  that  in  this  region  of  deficie&l 
rainfall  the  lighter  soil  offers  a  more  favoraole  moisture  condition 
than  does  the  heavier  soil,  even  when  an  equal  amount  of  water  pene- 
trates the  two  soils.  When  we  consider  that  the  run-off  oa  the  heaiy 
land  is  very  great  and  that  the  rate  of  penetration  is  many  times  less 
rapid  than  on  the  lighter  land,  the  superiority  of  the  latter  becomes 
still  more  evident.** 

TBE   80IL   FBRTILrrY  INDICATED. 

Observations  in  the  field  as  well  as  pot  cultures  show  that  when 
water  is  supplied  in  sufficient  quantity  short-grass  land  is  most  pio- 
ductive,  the  next  in  order  being  wire-grass,  then  bunch-grass,  sand- 
hills mixed,  and  blow-out  land,  in  the  order  named;  but  under 
ordinary  conditions  in  the  field,  where  the  water  supply  is  usually  the 
limiting  factor,  the  order  of  productivity  is  by  no  means  that  given 
above,  for  during  dry  years  bunch-grass  land  and  wire-grass  land 
are  much  more  productive  than  short-grass  land. 

Of  interest  in  this  connection  is  the  probable  duration  of  the  fer- 
tility of  the  soils  marked  by  the  different  plant  associations.     Hiigftrd 
(Soils,  1906,  p.  86)  states  that  in  arid  and  semiarid  regions  sand  b 
not  to  be  regarded  as  inferior  to  other  soils  in  fertility  and  that  there 
is  no  reason  to  suppose  that  its  productiveness  is  not  as  lasting  as 
that  of  the  ''strong  clay  soils  of  the  humid  regions."     The  soil,  even 
in  the  bunch-grass  areas,  is  often  dark  in  color,  owing  to  the  presence  J 
of  a  certain  amount  of  humus,  and  contains  a  high  percentage  of  the ' 
mineral  material  found  in  the  original  rock.     In  choosing  land  for 
farming  it  would  be  well  to  give  some  attention  to  the  color  of  the  sand«  j 
avoiding  the  lighter  colored  sand  that  is  commonly  found  where  thai 
blow-out  association  occurs.  ] 

<K  In  a  region  such  as  the  Great  Plains  where  the  rainfall  comes  during  the  growiof  ^ 
season,  the  superiority  of  light  over  heavy  land  is  probably  much  greater  than  in  i 
regions  of  winter  rainfall.    As  a  reservoir,  the  heavy  land  will  hold  much  more  water 
per  cubic  foot  than  light  land.    Winter  rain  which  enters  the  soil  can  be  protected  by 
a  dust  mulch  and  held  in  a  heavy  soil  for  a  long  period.    J.  Widtsoe  (The  Present  Status 
of  Arid  Farming  in  the  Great  Basin,  Official  Proceedings  of  the  Dry-Land  CcNQgreaB, 
1907,  p.  134)  states  that  in  Utah  '*  It  matters  little  whether  the  soil  is  a  sand,  a  clay,  or  ^ 
a  loam. ''     But  even  in  this  region  of  winter  rainfall  the  most  successful  dry  fannii^!! 
was  originally  done  on  sandy  soil.    Powell  (Report  of  the  Lands  of  the  Arid  Region  of  i 
the  United  States,  with  a  more  detailed  account  of  the  lands  of  Utah,  Department  of 
the  Interior,  1879,  p.  78),  in  discussing  the  "Sand  Ridge,*'  "south  of  Ogden  and  east 
of  Salt  Lake, "  states  that  "In  these  localities,  and  so  far  as  I  am  aware,  in  all  othefs 
where  dry  land  has  been  successfully  farmed,  the  soil  is  sandy,  and  this  appears  to  be 
an  essential  condition. "    In  the  Great  Plains  region  the  sununer  rainfall  makes  con- 
ditions much  more  favorable  on  the  lighter  land.    The  condition  is  very  well  ezpreased 
by  Marguerite  R.  Fink  ("Dry  Farming, "  A  Homesteader,  Official  Proceedings  Third 
Dry-Farming  Congress,  1909,  p.  237):  "By  experiment  we  find  that  clay  land  will 
give  a  luxuriant  growth,  but  it  will  not  ripen,  so  sandy  loam  or  even  a  distinctly  sandy 
soil  is  to  bo  preferred. " 
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AMOUNT  OP  NATIVE   GROWTH    PRODUCED. 


The  geographical  distribution  of  the  plant  associations  and  the 
nount  of  native  growth  produced  shows  that  as  w^e  pass  from  the 
•airie  region  westward  to  the  more  arid  region  sand  becomes  rela- 
eely  a  better  and  better  substratum  for  plants  as  compared  with 
le  heavier  soil  types.  (See  pp.  11,  12,  and  24.)  The  bunch-grass 
sociation,  which  produces  the  largest  quantity  of  dry  matter  and 
bich  in  eastern  Kansas  is  able  to  maintain  itself  on  loam  land,  is 
nited  largely  to  the  sand  in  eastern  Colorado.  The  wire-grass 
sociation,  which  succeeds  on  a  loam  soil  in  central  Kansas,  is  found 
1  sandy  loam  in  eastern  Colorado.  This  distribution  of  the  native 
*getation  in  eastern  Colorado  indicates  most  clearly  that  the  con- 
tions  for  growth  are  more  uniformly  good  on  sand  than  on  hard 
nds.  The  production  of  dry  matter  by  the  native  plant  cover 
stries  greatly  from  year  to  year.  Measurements  on  August  23, 1909, 
■  the  total  dry  matter,  based  on  croppings  of  typical  square-yard 
:eas  and  computed  in  pounds  per  acre  for  the  sake  of  convenience 
i  comparison,  are  as  follows:  Short-grass  land  (ordinary  cover), 
16  pounds;  short-grass  land  (exceptionally  close  cover),  400  pounds; 
unch-grass  land  (ordinary  cover),  840  pounds.* 


SOIL   BLOWING. 


It  should  be  noted  that  in  land  characterized  by  the  bunch-grass 
nd  the  sand-hills  mixed  associations  the  cliief  difficulty  in  producing 
pops  results  from  the  blowing  of  the  soil.  The  wind  by  moving  the 
ind  not  only  destroys  the  young  growing  crop,  but  occasionally 
amoves  the  entire  surface  layer  of  the  soil.  Under  natural  con- 
itions,  where  the  native  sod  is  undisturbed,  this  unfavorable  condi- 
ion  does  not  play  a  part.  Consequently,  although  sand  land  may 
roduce  a  much  heavier  yield  of  native  growth,  it  does  not  neces- 
irily  follow  that  it  will  become  proportionately  better  farming  land. 

MOISTURE   RELATIONS  AND   CROP  PRODUCTION    ON   HEAVY   AND   ON   LIGHT  LANDS. 

The  physical  data  given  in  tables  XII  to  XIV,  inclusive,  confirm 
bie  observations  based  on  the  growth  of  native  plants  as  well  as 
i  cultivated  crops,  that  in  a  region  of  deficient  water  supply  the 
jghter  soil  presents  safer  conditions  for  crop  production  during 
Verage  years  than  does  the  heavier  soil.     This  is  largely  due  to  the 

0  From  the  bunch-grass  sample  all  dead  stems,  which  amounted  to  an  additional 
^100  pounds  per  acre,  were  removed.    Many  of  these  dry  stems  were  produced  in 

ler  years  and  were  removed  in  order  to  reduce  the  weight  to  that  actually  produced 
ing  the  season  when  the  cropping  was  made.  The  short-pjaiw  samples  contained 
of  the  plant  material  above  the  surface  of  the  soil,  t5o  that  the  above  comparison 

1  really  too  favorable  to  land  of  this  typo. 
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differences  in  moisture  relations,  but  must  be  partly  explained  as  ix 
to  the  fact  that  cultivated  plants  do  not  grow  so  large  nor  use  so 
much  water  on  sand  as  on  the  hard  land,  and  they  are,  on  tliis 
account,  much  more  likely  to  mature.  The  cultivation  of  hard  hod 
can  not  wholly  overcome  these  differences.  The  loosening  up  due  to 
cultivation  will  increase  rather  than  decrease  the  water-holdinf 
capacity  of  the  upper  soil  layer.  It  can,  therefore,  increa^  the 
depth  of  water  penetration  and  bring  about  the  storing  of  a  grettei 
amount  of  soil  moisture  in  the  lower  depths  only  by  redudoi 
run-off,  lowering  the  rate  of  evaporation,  and  preventing  plini 
growth.  On  heavy  land  crop  plants  will  be  stimulated  to  rapii 
growth  by  every  rainfall  that  is  sufficient  to  furnish  a  good  supph 
of  water.  But  this  supply  will  be  limited  to  the  shallow  layer  of  tb 
soil  that  is  occupied  by  the  roots.  Drought  will  do  far  more  damag 
under  these  conditions  than  it  would  to  a  crop  on  lighter  land,  whid 
has  a  raucli  deeper  layer  of  moist  soil  from  which  to  draw  its  wate 
supply  and  on  which  the  growth  is  less  luxuriant. 

STTMMABY. 

(1)  The  natural  vegetation  is  largely  used  to  indicate  the  agriccl 
tural  capabilities  of  land,  but  there  are  many  possibilities  of  error,  s 
this  indicator  is  ordinarily  employed. 

(2)  The  object  of  the  present  publication  is  to  show  how  this  intfi 
cat  or  may  be  employed  accurately  for  the  ready  classification  of  nei 
land. 

(3)  By  indicating  clearly  the  environmental  conditions  whid 
prevail  the  native  vegetation  is  of  great  value,  not  only  in  the  clasi 
fication  of  land,  but  also  as  an  indicatorof  the  kind  of  crop  and  method 
of  culture  that  are  most  likely  to  succeed  under  the  given  conditioos 

(4)  Differences  in  the  vegetation  can  be  used  to  indicate  changes  b 
one  factor  of  the  environment  only  when  all  the  other  factors  remtfi 
unchanged. 

(5)  Correlations  with  soil  moisture  are  usually  more  easily  estab 
lishod  tlian  with  any  other  one  factor,  since  it  is  through  this  facto 
that  rainfall,  evaporation,  and  the  physical  character  of  the  soil  chiefih 
affect  the  plant. 

(6)  Since  plant  growth  is  the  ultimate  measure  of  the  suitability 
of  the  physical  environment,  the  character,  growth,  and  condition  o 
the  native  vegetation  are  the  best  possible  indicators  of  condition 
favorable  or  unfavorable  to  crop  production  on  land  where  crops  havi 
not  yet  been  produced. 

(7)  The  entire  plant  cover  is  a  better  indicator  than  the  presenr* 
or  condition  of  a  single  species,  since  in  it  we  have  a  record  which  ii 
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fcs  stable  as  the  most  stable  species  and  as  sensitive  as  the  most 
^acting  plant. 

(8)  The  results  described  in  the  present  paper  are  based  upon  a 
letailed  study  of  the  natural  vegetation  of  Washington  and  Yuma 
»ui\ties,  in  eastern  Colorado,  and  upon  more  general  studies  made 
hroughout  the  Great  Plains  region. 

(9)  The  chief  plant  associations  of  eastern  Colorado  which  indicate 
and  of  agricultural  value  are  the  grama-buffalo-grass  association 
md  the  wire-grass  association  (both  of  which  belong  to  the  short- 
^ass  formation)  and  the  bunch-grass  association  and  the  s'knd-hills 
nixed  association  (both  of  which  belong  to  the  prairie-grass  forma- 
ion). 

(10)  The  chief  vegetation  types  of  eastern  Colorado  which  indi- 
cate nonagricultural  land  are  the  lichen  formation,  the  Outierrezia- 
irtemisia  association  of  the  short-grass  formation,  and  the  blow-out 
association  of  the  prairie-grass  formation. 

(11)  Of  the  associations  indicating  land  of  agricultural  value  in 
eastern  Colorado,  the  grama-buffalo-grass  association  is  most  exten- 
sive, occupying  the  greater  part  of  the  hard  land.  The  bunch-grass 
ind  the  sand-hills  mixed  associations  occur  only  in  the  sand-hill 
regions,  while  the  wire-grass  association  occurs  on  land  of  inter- 
mediate character. 

(12)  In  eastern  Colorado  the  rainfall  records  show  that  the  average 
monthly  rainfall  is  greatest  during  the  period  April  to  August.  The 
increased  heat  in  July  and  August  makes  it  almost  certain  that  drought 
ndll  occur  in  these  months.  September  and  the  later  fall  months 
dave  normally  very  Uttle  rainfall,  and  fall-sown  grain  often  fails  to 
germinate  unless  planted  on  land  in  which  water  from  rains  earlier 
in  the  season  has  been  conserved  by  summer  tillage. 

(13)  Measurements  show  that  from  grama-buffalo-grass  land  a 
great  amount  of  water  runs  oflF  and  does  not  enter  the  soil. 

(14)  Soil-moisture  determinations  in  this  type  of  land  show  that 
even  during  periods  of  more  than  normal  rainfall  available  soil  mois- 
ture is  limited  to  a  few  inches  of  the  surface  soil. 

(15)  On  this  account  the  vegetation  is  composed  largely  of  short 
grasses  which  have  a  great  number  of  roots  limited  to  the  surface 
foot  or  two  of  the  soil. 

(16)  Moisture,  even  in  the  surface  few  inches  of  the  soil,  is  often 
lacking  except  during  a  few  weeks  in  spring  and  early  summer. 
The  short  grasses  have  a  comparatively  short  growing  season. 

(17)  Deep-rooted  species  are  shut  out  by  the  lack  of  soil  moisture 
in  the  deeper  layers  of  the  soil  and  later-season  plants  are  excluded 
because  available  moisture  is  usually  lacking,  even  in  the  surface 
layers,  during  late  summer  and  autumn. 
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(18)  An  open  cover  of  the  short  grasses  indicates  conditions  less 
favorable  for  crop  production  than  a  close  cover. 

(19)  The  presence  of  deeper  rooted  plants  mingled  with  the  short- 
grass  vegetation  indicates  better  conditions  for  crop  production  than 
those  found  where  the  cover  is  purely  of  the  short  grasses. 

(20)  The  occurrence  among  the  short  grasses  of  plants  character- 
istic of  the  associations  which  indicate  land  without  agricultural 
value  su^ests  a  less  favorable  condition  for  crop  production  than 
where  short  grasses  only  are  found. 

(21)  The  presence  of  the  wire-grass  association  indicates  that 
there  is  a  considerable  amount  of  water  in  the  deeper  layers  of  the 
soil,  owing  to  the  lesser  run-oflF  and  to  the  fact  that  the  lighter  soil 
permits  deeper  penetration. 

(22)  Conditions  indicated  by  the  wire-grass  association  are  favor- 
able for  both  shallow-rooted  and  deep-rooted  plants  and  for  a  con- 
siderably longer  period  of  growth  than  those  indicated  by  the  grama- 
buffalo-grass  association. 

(23)  The  bunch-grass  association  indicates  a  soil  that  is  moist  to  a 
considerable  depth.  Here  conditions  are  more  favorable  for  deep- 
rooted  and  late-season  plants  than  in  land  characterized  by  either 
the  short-grass  or  the  wire-grass  vegetation. 

(24)  The  sand-liills  mixed  association  indicates  conditions  venr 
similar  to  those  of  the  bunch-grass  association,  but  rather  less  favor- 
able, as  shown  by  the  smaller  amount  of  plant  growth. 

(25)  The  short-grass  vegetation  represents  the  final  stage  in  a 
succession  which  may  begin  with  the  lichen  formation  and  pass 
through  the  Gutierrezia-Artemisia  association.  Or  the  succession 
may  begin  with  the  blow-out  association  and  pass  through  the  sand- 
hills mixed  and  the  bunch-grass  associations  and  (by  the  aid  of  fires 
and  grazing)  through  the  wire-grass  association  to  a  pure  short- 
grass  vegetation. 

(26)  When  short-grass  land  is  left  without  cultivation  after  break- 
ing it  will  be  revegetated  by  either  the  wire-grass  or  the  Gutierreaa- 
Artemisia  association,  depending  upon  the  physical  conditions. 

(27)  The  vegetation  which  estabUshes  itself  after  wire-grass  is 
turned  under  is  that  which  is  naturally  characteristic  of  a  lighter 
soil. 

(28)  When  the  native  sod  of  the  bunch-grass  or  the  sand-hills 
mixed  associations  is  broken,  a  blow-out  may  result.  Usually,  how- 
ever, the  original  vegetation  is  soon  reestabUshed. 

(29)  When  the  vegetation  of  any  of  the  plant  associations  is 
destroyed  by  breaking  and  the  land  is  then  abandoned  the  land  wiD 
be  reoccupied  (after  a  weed  stage)  by  vegetation  that  is  character- 
istic both  of  a  lighter  type  of  soil  and  of  an  earUer  stage  in  the  natural 
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luccession.  These  successions  are  the  result  of  changes  in  the  phys- 
eal  conditions  brought  about  largely  as  a  result  of  the  destruction 
md  reestablishment  of  the  plant  cover  itself. 

(30)  The  taller,  deeper  rooted  plants  are  easily  shut  out  by  the 
hallow-rooted  short  grasses  when  the  water  that  falls  as  rain  is  not 
sufficient  to  penetrate  beyond  the  layer  of  soil  occupied  by  the  roots 
»f  the  short  grasses  before  it  can  be  absorbed  by  them. 

(31)  Where  water  can  readily  penetrate  below  the  depth  ordinarily 
eached  by  the  roots  of  the  short  grasses  the  conditions  are  favorable 
o  the  growth  of  deeper  rooted  and  taller  species,  which  shut  out  the 
hort  grasses  by  overshading  them.  This  increased  penetration  of 
vater  may  be  due  either  to  greater  rainfall  or  to  lighter  soil  texture. 

(32)  When  well  supplied  with  water  short-grass  land  is  the  most 
)roductive  under  cultivation  of  any  in  eastern  Colorado.  During 
Irought,  however,  crops  suffer  on  this  land  sooner  than  on  any  other 
ype. 

(33)  During  exceptionally  dry  years  bunch-grass  land  produces 
;he  best  crops  of  any  in  eastern  Colorado,  but  during  wet  years  its 
)roduction  is  surpassed  by  that  of  all  others  except  the  land  char- 
icterized  by  the  sand-hills  mixed  association.  The  soil  under  both 
)f  these  types  of  vegetation  is  likely  to  blow  badly. 

(34)  Wire-grass  land  represents  a  safe  intermediate  condition  where 
n  years  of  ample  rainfall  crop  production  compares  not  unfavorably 
prith  that  on  short-grass  land  and  where,  even  during  dry  years,  a 
fair  crop  can  often  be  produced. 

(35)  One  of  the  chief  reasons  for  the  superiority  of  light  land  over 
lieavy  land  in  eastern  Colorado  is  that  crop  growth  is  rapid  on  the 
latter  and  that  the  total  available  supply  of  soil  water  lies  near  the 
plant  roots,  the  crops,  therefore,  being  in  somewhat  the  same  condi- 
tion as  potted  plants.  These  conditions  favor  a  rapid  exhaustion  of 
soil  moisture  and,  consequently,  bring  about  sudden  drought.  On 
the  lighter  land  water  is  distributed  to  greater  depths,  the  plant 
growth  is  slower,  and  plants,  by  gradually  increasing  their  root 
area,  can  resist  much  longer  periods  of  drought. 

(36)  Investigations  of  soil  conditions,  as  well  as  actual  observations 
of  crops  in  the  field  and  studies  of  the  native  plant  cover,  show  that 
as  we  pass  from  the  prairie  westward  to  the  more  arid  portion  of  the 
Great  Plains  the  lighter  soils  present  relatively  more  favorable 
moisture  conditions  and,  therefore,  conditions  more  favorable  to 
plant  growth  than  do  the  heavier  types  of  land. 

CONCLUSIONS. 

It  is  believed  that  the  evidence  presented  in  the  present  paper  jus- 
tifies the  conclusion  that  the  character  of  the  natural  plant  cover  can 
be  used  as  a  reliable  indicator  of  the  conditions  favorable  or  unfavor- 
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able  for  crop  production,  provided  the  relations  between  the  vegeta- 
tion and  the  environment  are  correctly  interpreted. 

On  the  Great  Plains  a  pure  short-grass  cover  indicates  a  condition 
of  considerable  run-off  and  of  limited  water  penetration,  the  available 
moisture  usually  being  confined  during  the  greater  part  of  the  season 
to  the  first  2  feet  of  soil.  Under  cultivation  these  conditions  are 
modified  chiefly  by  retarding  water  loss,  thus  permitting  the  water  to 
penetrate  deei>er  into  the  soil.  But  the  penetration  is  still  so  slight 
that  the  roots  of  the  comparatively  shallow-rooted  small  grains  are 
usually  able  to  occupy  the  entire  depth  of  soil  where  water  is  stored 
and  in  time  of  drought  are  in  much  the  same  condition  as  potted 
plants.  The  rather  rank  growth  on  short-grass  land  made  by  crops 
early  in  the  season  also  greatly  increases  loss  of  water  by  transpira- 
tion from  the  plants  and  may  be  instrumental  in  causing  a  total  failure 
when  dry  weather  sets  in,  although  with  a  less  vigorous  growth  the 
supply  might  have  been  fully  adequate  to  the  needs  of  the  crop.  The 
presence  of  a  short-grass  cover  indicates  a  growing  season  that  is 
shortened  by  the  limitation  of  the  water  supply.  Crops  which  mature 
early  are  therefore  more  likely  to  succeed  on  this  type  of  land  than 
crops  that  require  a  longer  season.  Such  land  is  not  at  all  adapted  to 
deep-rooted  crops  imless  the  plants  are  grown  far  apart  and  with 
adequate  intertillage.  Summer  tillage  is  often  necessary  to  insure  the 
germination  of  fall  grains. 

Wire-grass  indicates  land  into  which  almost  all  the  rainfall  pene- 
trates. Because  of  the  lighter  texture  of  the  soil  the  water  is  dis- 
tributed to  a  greater  depth,  and  on  this  account  the  native  vegetation 
is  partly  composed  of  deep-rooted  plants.  Under  natural  conditions 
evaporation  from  the  soil  is  here  a  much  less  important  factor  than 
on  short-grass  land.  The  conditions  are  such  that  plant  roots  can  not 
exhaust  the  soil  water  as  quickly  as  on  short-grass  land.  The  mois- 
ture is  distributed  to  a  much  greater  depth,  and  when  drought  threat- 
ens plants  are  able  to  draw  on  the  reserve  found  in  the  lower  layers  of 
the  soil.  On  this  account  periods  of  drought  cause  much  less  damage 
to  vegetation  on  this  type  of  land  than  on  short-grass  land.  Crop 
growth  on  wire-grass  land,  even  during  favorable  years,  is  almost  as 
good  as  on  short-grass  land,  and  during  average  and  dry  years  much 
better  crops  are  produced  on  wire-grass  than  on  short-grass  land. 
The  native  plant  cover  indicates  a  considerably  longer  growing  season 
than  on  short-grass  land,  as  well  as  a  much  more  favorable  condition 
for  the  production  of  deep-rooted  plants. 

On  bunch-grass  land  the  soil  texture  is  such  as  to  insure  the  pene- 
tration of  practically  all  the  water  that  falls.  Cultivation  does  not 
seem  to  retard  water  loss  to  any  perceptible  extent,  except  by  keeping 
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growili  of  weeds.     Crop  growth  is  much  less  luxuriant  on 

vols  land  than  on  short-grass  land  when  well  supplied  with  moisture. 

This  retardation  of  growth  itself  aids  in  conserving  the  soil  water. 

When  periods  of  drought  occur  the  roots  of  the  plants  can  draw 

upon  a  large  mass  of  soil  which  is  supplied  with  available  moisture 

and  which  serves  as  a  storage  reservoir  for  the  crop.     The  result  is 

that  crops  on  this  type  of  land  are  comparatively  seldom  burned  up 

or  even  wilted  by  periods  of  drought.     The  native  plants  are  such 

as  require  a  very  long  season  of  growth  and   indicate   conditions 

favorable  for  deep-rooted  as  well  as  late-season  crops. 

Crop  failures  occur  oftenest  on  short-grass  land;  least  often  on 
bunch-grass  land.  The  largest  yields  are  obtained  during  favorable 
years  on  short-grass  land;  the  smallest  on  bunch-grass  land.  During 
wet  years  short-grass  land  is  best;  during  dry  years  bunch-grass  land 
is  best.  Wire-grass  land  represents  a  safe  intermediate  condition, 
for  in  years  of  ample  rainfall  crop  production  upon  it  compares  not 
unfavorably  with  that  on  short-grass  land,  and  even  during  dry  years 
a  fair  crop  can  often  be  produced. 

Using  the  native  vegetation  as  an  indicator  of  the  capabilities  of 
crop  production,  we  would  class  the  type  of  land  that  is  character- 
ized by  the  wire-grass  association  year  in  and  year  out  as  the  most 
valuable  agricultural  land  in  eastern  Colorado.  With  it,  or  very 
close  to  it,  should  be  classed  that  type  of  short-grass  land  which 
bears  a  considerable  growth  of  wire-grass  or  of  Psoralea,  for  the 
presence  of  these  plants  indicates  conditions  intermediate  between 
those  indicated  by  the  typical  wire-grass  association  and  those 
indicated  by  the  typical  grama-buffalo-grass  association. 

Many  of  the  older  settlers  in  eastern  Colorado  have  moved  from 
short-grass  land  onto  wire-grass  land,  or  even  onto  bunch-grass  land, 
where  they  claim  there  is  much  less  likelihood  of  crop  failure;  but 
the  newcomer  in  the  region  or  the  speculator  almost  invariably 
chooses  the  hard  or  short-grass  land  because  it  is  darker  in  color  and 
looks  more  like  the  soil  he  has  been  accustomed  to  farm  successfully 
in  the  East.  On  this  account  short-grass  land  brings  the  highest 
price  and  changes  hands  oftenest,  while  wire-grass  and  bunch-grass 
lands  are  not  so  readily  sold  and  bring  miicli  less  per  acre. 
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E  Grama-Buffalo-Grass  Association,  Burlinqton,  Colo. 


Fig.  2.— Typical  View  in  the  Wire-Grass  Association,  Yuma,  Colo. 
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Fio.  1 .— PsofiALEA  ON  Short-Gbass  Lano,  Yuma,  Colo. 


Fio.  2.— WiHE-GnAss  on  Short-Grass  Land,  Vehhon,  Colo. 
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Plate  IV. 


Fig.  1.— Typical  View  in  the  Bunch-Grass  Association,  Cope,  Colo. 
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Fig.  2.— The  Bunch-Grass  Association,  Showing  the  Amount  of  Hay 

Produced,  Yuma,  Colo. 
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—Typical  View  in  the  Sam>-Hili.s  Mixed  Association,  Whav,  Colo. 


FW.  2.— The  Sand-Hills  Mixed  Association  Where  Closely  Grazed,  Wray,  Colo. 


Fig.  1  .—Blow-out  as  *  Result  of  Breaking  Done  Twenty  Years  Before,  Yuma,  Colo. 


Fig.  2.— Tvpical  View  in  the  GuTiERHEZiA-AnTEMisiA  Association.  La  Junta,  Colo. 
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JLxl&nnsoA  canadensis,  occurrence  in  the  Great  Plains  area 58, 62 

filifolia,  occurrence  in  the  Great  Plains  area 20, 21-22, 53, 55, 57-59, 64 

See  aUo  Sage,  sand. 

frigida,  occurrence  in  the  Great  Plains  area 20, 27, 41, 45, 61, 67 

tridentata  formation.    See  Formation,  Artemisia  tridentata. 

occiurence  in  the  Great  Plains  area 62 

AjBBOciation,  blow-out,  botanical  composition,  in  the  Great  Plains  area 20, 60 

geographical  distribution  in  the  Great  Plains  area 24, 60, 62 

soil  conditions  in  the  Great  Plains  area 60, 80 

bunch-grass,  appearance  in  the  Great  Plains  area 54, 90 

botanical  composition  in  the  Great  Plains  area. . .  20, 54-^ 
effect  of  distiurbing  factors  in  the  Great  Plains  area. .  56-57 
geographical  distribution  in  the  Great  Plains  area.  24, 55, 81 

soil  conditions  in  the  Great  Plains  area 10-11 , 

12, 22, 55-d6, 80, 84, 86-87 

variations  from  type  in  the  Great  Plains  area 57 

gramar-bu£falo  grass,  appearance  in  the  Great  Plains  area 24-25, 90 

botanical  composition  in   the  Great  Plains 

area 20,25-27 

effect  of  disturbing    factors   in    the  Great 
Plains  area 40-44 
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Association,  grama-buffalo  grass,  geographical  distribution  in  the  Plains  am..     3 

soil  conditions  in  the  Great.  Plains  area 10,11, 

12, 27-38, 80, 84,  S: 
variations  from  type  in  the  Great  Plains  area.  4i-4S 

grass,  botanical  composition  in  the  Great  Prains  area -I 

geographical  distribution  in  the  Great  Plains  area....     3 
Gutierrezia- Artemisia,  appearance  in  the  Great  Plains  area. .  60-61,90,91 

botanical  composition  in  the  Great  Plains 

area 20,fiW2 

geographical  distribution  in  the  Great  Plains 

area 3 

sand  hills  mixed,  appearance  in  the  Great  Plains  area ^91 

botanical  composition  in  the  Great  Plains  area..  20, 5B 
distribution  of  root  8}r8tem8  in  the  Great  Plains 

area ® 

effect  of  disturbing  fatcors  in  the  Great  Plains 

area 5N0 

geographical  distribution  in  the  Great  Plains 

area 24 

soil  conditions  in  the  Great  Plains  area...  59, 80, 84, SS 
variations  from  type  in  the  Xjreat  Plains  area. . .      ^ 

wheat-grass,  botanical  composition  in  the  Great  Plains  area •! 

geographical  distribution  in  the  Great  Plains  area  ...  2^^ 

wire-grass,  appearance  in  the  Great  Plains  area 48-49,9(1 

^botanical  composition  in  the  Great  Plains  area 20,49-50 

effect  of  disturbing  factors  in  the  Great  Plains  area. . .  52-^53, 

66,69 

geographical  distribution  in  the  Plains  area 23, 48-49,31 

soil  conditions  in  the  Great  Plains  area 10-12. 

50-52,60,80,84,86,8: 

variation  from  type  in  the  Great  Plains  area ^ 

Associations,  plant,  in  eastern  Colorado 19-^ 

indicating  agricultural  land,  in  the  Great  Plains  area 24-60 

nonagriculturai  land  in  the  Great  Plains  area...  60-^ 

relationships  in  the  Great  Plains  area 82-70 

Astragalus,  crassicarpus,  occurrence  in  the  Great  Plains  area 27,46 

mollissimus,  occurrence  in  the  Great  Plains  area 27,46 

occurrence  on  shortrgrass  land ^ 

sericoleucus,  occurrence  in  the  Great  Plains  area ^ 

Beard-grass  formation.    See  Formation,  beard-grass. 

BelJefourche,  S.  Dak.,  unusual  location  of  bunch-graas ^ 

Belz,  J.  O.,  and  Briggs,  L.  J.,  on  correlation  of  v^^etation  with  environment —      ^ 

run-off "1'^ 

Big  bluestem.    See  Andropogon  hallii. 

Black  grama  grass.    See  Bouteloua  hiisuta. 

Blowing  of  soils  in  the  Great  Plains  area 56, 59, 67, 77, 78, 81,89 

Blow-out  association.    See  Association,  blow-out. 

definition  of  term ^ 

Bluestem,  big.    See  Andropogon  hallii. 

Bouteloua  curtipendula,  occurrence  in  the  Great  Plains  area 58, 62 

hirsuta,  occurrence  in  the  Great  Plains  area 20, 50, 55, 56, 58, 59, 65 

oligoBtachva,  occurrence  in  the  Great  Plains  area ''• 

20,21,25,50,55,58,59,61 

See  alao  Gra»»,  giama. 
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,  ettect  on  native  vegetation  in  the  Great  Plains  area 4(M2, 

52. 56-57, 59, 66-69, 78, 84, 88, 89 

5^^^»  L.  3 .,  and  Belz,  J.  O.,  on  correlation  of  vegetation  with  rainfall 12 

run-off 71,72 

McLane,  J.  W.,  on  moisture  equivalent 18 

on  physical  data  in  the  Great  Plains  area 17, 28, 36, 78 

3t:3chloe  dactyloides,  occurrence  in  the  Great  Plains  area 17, 20, 21, 25, 26 

jSee  al90  Grass,  buffalo. 
^\i£[alo  grass.    See  Grass,  buffalo. 

formation.    Sec  Formation,  buffalo  grass. 
3unch-grass.    See  Grass,  bunch. 

association.    See  Association,  bunch-grass. 

Burlington,  Colo.,  observation  station  in  the  Great  Plains  area 29, 90 

Buroing  of  prairie  grasses.    See  Fires. 

Busli  morning-glory.    See  Ipomoea  leptophylla. 

H^l&movilfa  longifolia,  occurrence  in  the  Great  Plains  area 20, 55, 58, 61, 65, 91 

Daresc  stenophylla,  occurrence  in  the  Great  Plains  area 50 

L^ercospora  seminalis,  occurrence  in  the  Great  Plains  area 43 

Dbeoopodium  album,  occurrence  in  the  Great  Plains  area 41 

leptophyllum,  occurrence  in  the  Great  Plains  area 26, 41 

dkilcrott,  E.  C,  on  the  effect  of  luxuriant  early  growth 73 

Cliilders,  L.  F.,  assistance  rendered 30 

ObrysopBb  villosa,  occurrence  in  the  Great  Plains  area 17, 27, 50, 58, 62 

Clements,  F.  £.,  and  Pound,  Roscoe,  on  native  vegetation  in  Nebraska 21-22 

on  methods  of  study  of  plant  cover 13, 16, 19, 20 

Climate,  character  of  data 17 

Colorado,  correlation  of  vegetation  with  rainfall  and  soil  types 11-12 

eastern.    See  Investigations,  territory  covered. 

Coin|>etition  of  plants  for  soil  occupancy G7-70 

Compositce,  occurrence  in  the  Great  Plains  area 56-57 

Conclusions  of  the  investigation  in  the  Great  Plains  area 10, 11, 85-87 

Cope,  Colo. ,  observation  station  in  the  Great  Plains  area 29, 90 

Com,  behavior  as  crop  plant  in  the  Great  Plains  area 72, 73, 77,  78 

Cover,  plant.    See  Vegetation,  native,  cover. 
Crop  production.    See  Production  of  crops. 

Cyperus  bushii,  occurrence  in  the  Great  Plains  area 58 

Diaba  micrantha,  occurrence  in  the  Great  Plains  area 26 

Dysodia  pappoea,  occurrence  in  the  Great  Plains  area 26, 41 

£chinocereous  viridiflorus,  occurrence  in  the  Great  Plains  area 27, 50 

Snvironment,  difficulty  of  correlating  vegetation  with  any  single  factor 1 1-13 

£rigeron  canus,  occurrence  in  the  Great  Plains  area 27 

£riogonum  alatum,  occurrence  in  the  Great  Plains  area 62 

annum,  occurrence  in  the  Great  Plains  area 58 

effusum,  occurrence  in  the  Great  Plains  area : .  27, 50, 58, 62 

jamesii,  occurrence  in  the  Great  Plains  area 62 

T^simum  asperum,  occurrence  in  the  Great  Plains  area 27 

Euphorbia  glyptosperma,  occurrence  in  the  Great  Plains  area 41 

£vol valufi  aigenteus,  occurrence  in  the  Great  Plains  area 58 

FertOity  of  soil,  as  related  to  vegetation  types ^ 80 

Festuca  octoflora,  occurrence  in  the  Great  Plains  area 17, 26, 41, 50 

Finky  M.  R.,  on  the  relative  value  of  light  and  heavy  soils 80 

Files,  effect  on  native  vegetation  in  the  Great  Plains  area 16, 

18,  23,  27,  43,  45,  53,  57,  59, 64,  65,  70 
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Formation,  Agropyron,  correlation  with  wheat-grass  association 21 

Artemesia  tridentata,  geographical  distribution  in  the  Great  Plains 

area ",» 

beard-grass,  correlation  with  wire-grass  association ^ 

buffalo  grass,  correlation  with  grama-buffalo-grass  association -^ 

lichen,  botanical  composition,  in  the  Great  Plains  area ^i^ 

geographical  distribution  in  the  Great  Plains  area - 

peppergrass-cactus,  correlation  with  grama-buffalo-grass  asBociation     21 

prairie  grass,  adaptation  to  physical  condition  in  the  Great  Vhm 

area 23-2< 

associations  in  the  Great  Plains  area ^ 

geographical  distribution  in  the  Great  Plains  area....     3 

22,23-24 

relation  to  life  zones  in  the  Great  Plains  area ^- 

short  grass,  adaptation  to  physical  conditions  in  the  Great  Plains 

area *^ 

associations  in  the  Great  Plains  area ^' 

botanical  composition  in  the  Great  Plains  area 20.-1 

geographical  distribution  in  the  Great  Plains  area..  21,*---* 

relation  to  life  zones  in  the  Great  Plains  area". 

Stipa,  correlation  with  short-grass  formation 

Formations,  plant,  in  eastern  Colorado ^^' 

Fungi,  parasitic,  effect  on  native  vegetation  in  the  Great  Plains  area. .  43-44, 45, 5-, ai 
Gaura  coccinea,  occurrence  in  the  Great  Plains  area 

-9  7' 

Grains,  small,  behavior  as  crop  plants,  in  the  Great  Plains  area '"^  * 

Grama-buffalo-grass  association.    See  Association,  grama-buffalo  grass, 
grass  association.    See  Association,  grama  grass, 
black.    See  Bouteloua  hirsuta. 
common.    See  Bouteloua  oligostachya. 
Grass,  black  grama.    See  Bouteloua  hirsuta.  ^ 

buffalo,  occurrence  in  the  Great  Plains  area 24, 25, 38, 43, 44,  w, 

time  required  for  maturing  in  the  Great  Plains  area * ' 

See  also  Buchloe  dactyloides. 

bunch,  occurrence  in  the  Great  Plains  area 52, 54, 58, 69, 70, 90j 

time  required  for  maturing  in  the  Great  Plains  area '* 

See  also  Andropogon  scoparius. 

common  grama,  occurrence  in  the  Great  Plains  area * ' 

25, 38, 43, 44, 50, 56,  ©,» 

time  required  for  maturing  in  the  Great  Plains  area.  ...**' 
See  also  Bouteloua  oligostachya. 
grama,  association.    See  Association,  grama  grass, 
sand.    See  Calamovilfa  longifolia.  ^ 

wheat,  occurrence  in  the  Great  Plains  area ' 

See  also  Agropyron  smithii.  ^ 

wire,  occurrence  in  the  Great  Plains  area 47, 53, 56, 65, 69,  <  . 

See  also  Aristida  longiseta.  ^  ... 

Grazing,  effect  on  native  vegetation  in  the  Great  Plains  area ^ 

18, 41, 42-13, 52-53, 57, 59-60, 64, 65, 70. » 
Great  Plains  area.    See  Investigations,  territory  covered.  ^ 

Grindelia  squarrosa,  occurrence  in  the  Great  Plains  area "'' 

Gutierrezia- Artemisia  association.    iS<;e  A.ssociation,  Gutierrezia- Artemisia-         ^ 

sarothrae,  occurrence  in  the  Great  Plains  area 20, 27,41,^^ ' 

Hall,  Elihu,  on  flora  of  eastern  Kansas 
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BLay,  natiye,  in  Great  Plains  area 77, 90 

Belianthus  petiolaris,  occurrence  in  the  Great  Plains  area 58 

Hilgard,  E.  W.,  on  hygroscopic  coefficient 18 

soil  fertility 80 

value-of-  native  vegetation  as  an  indicator 14 

Hymenopappus  filifolius,  occurrence  in  the  Great  Plains  area 50, 58, 62 

Introduction  to  bulletin 9 

Investigations,  at  Akron,  Colo.,  rainfall 28-30 

rate  of  water  loss 36-38 

run-off  and  penetration 34-36 

soil-moisture  conditions 30-38, 44, 47, 4Sf  71-72 

source  of  data 27-28 

facts  established,  summarized  statement 9-10 

scope  in  the  Great  Plains  area 19 

territory  covered  in  the  Great  Plains  area 10, 

11-12, 19,  20-24,  27-29, 48,  61,  75,  77,  83 

Ipomoea  leptophylla,  occurrence  in  the  Great  Plains  area 49, 50-52, 56, 58, 65 

Johnson,  W .  D.,  on  correlation  of  vegetation  with  rainfall 12 

Kansas*,  correlation  of  vegetation  with  rainfall 12 

Koeleria  cristata,  occiurence  in  the  Great  Plains  area 62 

Kuban ka  wheat.    See  Wlieat,  Kuban ka. 

La  Junta,  Colo.,  typical  view  of  Gutierrezia-Artemisia  association 91 

Land,  bunch-grass,  behavior  of  crop  plants  in  the  Great  Plains  area 76-77 

precautions  necessary  in  cultivating  in  the  Plains  area 77-78 

production  of  crops  in  the  Great  Plains  area 76-78, 85 

soil  conditions  when  cultivated  in  the  Great  Plains  area. . .        76 

character  indicated  by  plant  cover  in  the  Great  Plains  area 10, 

38, 44-48,  50-52,  55-57, 59, 75, 76, 80, 82, 85-87 
effect  of  different  types  upon  moisture  relations  and  crop  production . .  78-82, 85 

short-grass,  behavior  of  crop  plants  in  the  Great  Plains  area 72-74 

conditions  when  cultivated  in  the  Great  Plains  area 70-71 

physical  conditions  in  the  Great  Plains  area 27-38 

production  of  crops  in  the  Great  Plains  area 70-74 

water  penetration  in  the  Great  Plains  area 71-72, 85 

wire-grass,  behavior  of  crop  plants  in  the  Great  Plains  area 75-76 

conditions  when  cultivated  in  the  Great  Plains  area 75, 85 

physical  conditions  indicated  in  the  Great  Plains  area 50-52 

production  of  crops  in  the  Great  Plains  area 75-76 

Lappula  occidentalis,  occurrence  in  the  Great  Plains  area 41 

Lecanora  calcarea,  occurrence  in  the  Great  Plains  area 20, 62 

subfusca  allophana,  occurrence  in  the  Great  Plains  area 62 

Leptilon  canadense,  occurrence  in  the  Great  Plains  area 26, 41 

Lesquerella  argentea,  occurrence  in  the  Great  Plains  area 62 

Liatris  punctata,  occurrence  in  the  Great  Plains  area 27, 50, 58 

Lichne  formation.    See  Formation,  lichen. 

Lightning,  cause  of  fires  in  the  Great  Plains  area 23, 43, 57 

Lithoepermum  augustifolium,  occurrence  in  the  Great  Plains  area 62 

Lupinus  pusillus,  occurrence  in  the  Great  Plains  area 50 

McLane,  J.  W.,  and  Briggs,  L.  J.,  on  moisture  equivalent 18 

Malvastrum  coccineum,  occurrence  in  the  Great  Plains  area 27, 41, 50, 62 

Mamillaria  vivipara,  occurrence  in  the  Great  Plains  area 27 

Maturity,  length  of  season  required  by  different  plants  in  the  Plains  area . .  38, 69-70 
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list 

Mentzelia  nuda,  occurrence  in  the  Great  Plains  area ^ 

Meriolix  serrulata,  occurrence  in  the  Great  Plains  area o8,S 

Merriam,  C.  Hart,  on  life  zones ^ 

Methods  of  study  employed  in  the  Great  Plains  area 1^^ 

Milo,  behavior  as  crop  plant  in  the  Great  Plains  area 73-74,77.^  i 

Moisture,  equivalent  of  soils  in  the  Great  Plains  area 13, 18,31,78,11 

soil,  available  and  nonavailable  in  the  Great  Plain?  area.  13, 18, 31-33,78,79 

bunch  grass  land  in  the  Great  Plains  area 5^-^,7^ 

distribution  in  the  Great  Plains  area ^^ 

24, 40-48, 50, 53, 57, 59-61, 63, 68-76,81-?: 

grama-bufifalo-grass  land  in  the  Great  Plains  area 3(^-33,78^' 

relation  to  vegetation 1^^^ 

wire-grass  land  in  the  Great  Plains  area 50-52,78-* 

Montana,  vegetation  and  rainfall ^ 

Morning-glory,  bush.    See  Ipomoea  leptophylla. 

Mowing,  effect  on  native  vegetation  in  the  Great  Plains  area ^^^ 

Muhlenbergia  gracillima,  occurrence  in  the  Great  Plains  area ^ 

pungens,  occurrence  in  the  Great  Plains  area *^* 

Munroa  squarrosa,  occurrence  in  the  Great  Plains  area ^^^ 

Names,  botanical,  method  of  treatment ^ 

of  plants,  popular,  source  of  confusion ' 

Object  of  the  investigation  in  the  Great  Plains  area 

Opuntia  fragilis,  occurrence  in  the  Great  Plains  area 

polyacantha,  occurrence  in  the  Great  Plains  area -•' 

Oreocarya  thyrsiflora,  occurrence  in  the  Great  Plains  area ^  ^ 

Panicum  virgatum,  occurrence  in  the  Great  Plains  area **' 

Parasitic  fungi.    See  Fungi,  parasitic. 

Parmelia  conspersa,  occurrence  in  the  Great  Plains  area ■^'  ^ 

Parodiella  peris porioides,  occurrence  in  the  Great  Plains  area 

Paronychia  jamesii,  occurrence  in  the  Great  Plains  area 

Penetration.    See  Rainfall,  measurement  of  penetration. 
Peppergrass-cactus  formation.    See  Formation,  peppeigrass-cactus. 

Petalostemum  purpureum,  occurrence  in  the  Great  Plains  area ' 

\illosum,  occurrence  in  the  Great  Plains  area '. 

Plant  cover.    See  Vegetation,  native.  ^ 

Plantago  purshii,  occurrence  in  the  Great  Plains  area ^''      -  -o 

Plants,  competition  for  soil  occupancy 

confusion  caused  by  use  of  popular  names 

native,  limitation  of  distribution ,  ^ 

study  of  root  systems  in  the  Great  Plains  area 18, 40, 46, 51, 56,  w, 

Sec  also  Vegetation. 
Plowing.    See  Breaking. 
Popular  names  of  plants.    See  Names  of  plants,  popular.  ,., 

Pound,  Roscoe,  and  Clements,  F.  E.,  on  native  vegetation  in  Nebraska '"^ 

Powell,  J.  \V.,  on  correlation  of  vegetation  with  rainfall ' 

relation  of  dry  farming  to  soil  type 

Prairie-grass  formation,    ^^ee  Formation,  prairie  grass. 

Precipitation.     See  Rainfall.  ,- 

Production  of  crops,  final  test  of  land  values ^. 

improbability  of  large  yields  in  the  Great  Plains  area..--  ^ 

on  bunch-grasG  land  in  the  Great  Plains  area I  '^ 

land  of  different  types  in  the  Great  Plains  area ^    ' 

short-grass  land  in  the  Great  Plains  area ^. ' 

wire-grass  land  in  the  Great  Plains  area '"^ 
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•j^jj^nlea  lanceolata,  occurrence  in  the  Great  Plains  area 20, 60, 91 

pieeeuce  indicative  of  agricultural  value  of  land  in  the  Great  Plains 

area 10,46^7,49,50,56,87 

See  also  Psoralea  tenuiflora. 

tenuiflora,  occurrence  in  the  Great  Plains  area -^ 20, 27, 

46, 50, 51, 55, 56, 58, 62, 65, 69, 87 
plant  society.    See  Society,  plant. 

Ptiloria  pauciflora,  occiurence  in  the  Great  Plains  area 27 

J'kicciiiia  andropogonis,  occurrence  in  the  Great  Plains  area 56 

bartholomewii,  occurrence  in  the  Great  Plains  area 44, 52 

Quadrat  method.    See  Methods  of  study. 

Rainfall,  list  of  observation  stations  in  eastern  Colorado 29 

measurements  of  penetration  in  the  Great  Plains  area 34-36, 44, 47, 48 

records  for  eastern  Colorado 28-29, 83 

R&tibida  coliimnaris,  occurrence  in  the  Great  Plains  area 50, 58 

"Re^yardB,  temperature,  moisture,  etc.,  in  the  Great  Plains  area ^ 17-18 

Redfieldia  flexuosa,  occurrence  in  the  Great  Plains  area 20, 60, 91 

Rinodina  oreina,  occurrence  in  the  Great  Plains  area 20, 62 

Run-off,  measurements  recorded  in  the  Great  Plains  area 34-36, 44, 47, 48 

Sachs,  Julius,  on  nonavailable  moisture 18 

Sage,  sand,  occurrence  in  the  Great  Plains  area 53, 54, 57-60, 65,  70>  91 

See  also  Artemisia  filifolia. 

Salsola  pestifer,  occurrence  in  the  Great  Plains  area 26, 41 

Saad-grass.    See  Calamovilfa  longifolia. 

hills  mixed  association.    See  Association,  sand-hills  mixed, 
page.    See  Sage,  sand. 

Schedonnardus  paniculatus,  occurrence  in  the  Great  Plains  area 27, 41, 42, 44, 50 

Schimper,  A.  F.  W.,  on  correlation  of  vegetation  with  soil  moisture 13 

8chou"w,  J.  F.,  on  correlation  of  vegetation  with  soil  moisture 13 

Shantz,  H.  L.,  on  vegetation  east  of  Pikes  Peak 23 

Short-graes  formation.    See  Formation,  short  grass. 

land.    See  Association,  grama-buffalo  grass. 

Sideranthus  spinulosus,  occurrence  in  the  Great  Plains  area 27, 50, 58, 62 

Sitanion  hystrix,  occurrence  in  the  Great  Plains  area 27, 41 

Society  plant,  Aristida  longiseta,  in  the  Great  Plains  area 20, 47-48 

Psoralea  tenuiflora,  in  the  Great  Plains  area 20, 46-47 

Soil  moisture.    See  Moisture. 

Soils,  chemical  and  mechanical  analyses,  in  the  Great  Plains  area 18 

Solanum  rostratum,  occurrence  in  the  Great  Plains  area 41 

triflorum,  occurrence  in  the  Great  Plains  area 41 

Soi^hastrum  nutans,  occurrence  in  the  Great  Plains  area 58 

Soi^o,  behavior  as  crop  plant,  in  the  Great  Plains  area 73-74,  77, 78 

SoT08porium  consanguineum,  occurrence  in  the  Great  Plains  area 52 

South  Platte  River.    See  Investigations,  scope. 

Species  of  plants  dominant  in  classification,  in  the  Great  Plains  area 20-21 
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INTRODUCTORY  NOTE 


One  of  the  most  important  factors  in  the  creation  of  a  plant  indus- 
txy  ivhich  depends  upon  a  perennial  species  is  the  rapid  propagation 
cpI  the  plant.  The  possibility  of  bringing  through  the  mails  from 
Bfc.xiy  part  of  the  world  a  few  seeds  of  some  rare  plant  is  of  relatively 
l-£ttle  moment  if  it  is  not  backed  up  by  adequate  methods  of  quick 
■reproduction  from  these  few  seeds  through  asexual  propagation  in 
to  produce  large  numbers  of  individuals  for  experimental  trial, 
of  the  greatest  drawbacks  of  horticulture  is  the  time  required  to 
a  new  variety  originated  from  seed,  and  any  method  which 
.liortens  the  time  required  to  make  such  tests  must  appeal  to  every- 
,  whether  an  originator  of  new  varieties  or  a  tester  of  them,  as  of 
greatest  value. 
The  seedling-inarch  method  which  has  been  worked  out  by  Mr. 
.ver  it  is  beHeved  is  destined  to  prove  of  the  greatest  importance 
x^ot  only  in  connection  with  the  propagation  of  the  tropical  and  sub- 
^X'opical  fruits  and  ornamental  plants  with  which  this  bulletin  par- 
oularly  deals  (because  it  has  been  in  his  studies  with  them  that  he 
come  to  reahze  its  value),  but  in  a  very  wide  range  of  plant 
dustries  in  which  the  early  fruiting  of  a  variety  is  very  desirable, 
shortening  by  a  year  or  more  of  the  time  required  for  the  fruiting 
a  new  variety  is  believed  to  be  a  matter  of  such  unusual  impor- 
as  to  be  worthy  of  the  widest  publicity  among  all  interested  in 
^Ixe  cultivation  of  plants.  The  discussion  embodied  in  this  bulletin, 
ipv^liile  it  indicates  the  present  stage  of  our  studies  of  certain  tropical- 
firxiit  industries,  must  be  considered  as  having  a  much  more  general 
application  than  to  these  few  new-fruit  possibilities  which  are  as  yet 
lit'tle  known  to  the  American  public. 

David  Fairchild, 
Agricultural  Explorer  in  Charge  of 
Foreign  Seed  and  Plant  Introduction. 
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^HE  SEEDLING-INARCH  AND  NURSE-PLANT 
METHODS  OF  PROPAGATION. 


INTBODUCnON. 

While  investigating  the  asexual  propagation  of  some  tropical  fruit 
rees  and  other  plants,  at  the  request  of  Dr.  B.  T.  Galloway,  Chief  of 
he  Bureau  of  Plant  Industry,  it  was  discovered  by  the  writer  that  a 
arge  number  of  hard-wooded  shrubs  and  trees  are  capable  of  very 
*apid  increase  when  propagated  by  processes  which  may  be  termed 
he  seedling-inarch  and  nurse-plant  methods. 

These  methods  are  inexpensive  and,  owing  to  their  simplicity,  may 
ye  used  by  persons  without  previous  experience  in  the  propagation  of 
plants.  By  these  methods  the  ever-increasing  number  of  plant  breed- 
ars  will  be  enabled  to  save  much  time  in  determining  the  value  of  hard- 
wooded  plants  raised  by  means  of  hybridization.  They  can  be 
used  in  manipulating  seedlings  of  rare  trees  and  shrubs  intended  for 
crossing,  so  that  each  plant  will  bloom  in  a  much  shorter  time  than 
if  left  to  grow  on  its  own  roots.  Seedlings  of  all  hard-wooded  plants 
resulting  from  collections  made  by  travelers  in  foreign  countries  may 
thus  be  brought  to  the  flowering  stage  and  their  value  determined 
quickly. 

The  most  remarkable  feature  of  the  new  methods  lies  not  only  in 
their  simplicity  but  also  in  the  certainty  of  the  unions  which  result. 
The  writer  has  had  very  few  unsuccessful  unions  and  none  among 
those  classes  of  plants  where  the  most  suitable  stocks  are  known  and 
in  common  use.     Not  only  is  it  possible  to  inarch  a  seedling  a  few 
weeks  old  to  a  large  stock,  but  a  moderate-sized  seedling  stock  can 
be  inarched  to  a  shoot  of  a  rare  shrub  or  tree  having  the  same  diame- 
ter as  the  stem  of  the  seedling.     A  satisfactory  union  may  thus  be 
induced  where  other  methods  of  asexual  propagation  have  invariably 
tailed. 

Rose  seedlings  resulting  from  crossing  varieties  have  been  inarched 
on  manetti  stocks  when  the  seedlings  were  from  3  to  4  weeks  old,  and 
they  produced  maximum-sized  flowers  long  in  advance  of  those  on 
seedling  plants  growing  on  their  own  roots.  The  rare  finger  lime, 
Citrus  auatrciasica,  sometimes  seen  in  a  dwarf,  sickly  condition  in 
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10  SEEDLING-INABCH  AND  NURSE-PLANT  PROPAGATION. 

greenhouse  collections^  has  borne  fruit  in  two  years  after  ioarchiog 
on  one  of  its  congeners;  and  within  nine  months  after  flowering, 
hybrid  seedlings  between  this  citrus  and  a  cultivate  orange  w^^in 
their  turn  inarched  on  2-year-old  lemon  seedlings. 

Very  young  seedlings  of  hundreds  of  other  rare  hard-wooded  plants 
may  be  worked  on  the  same  or  allied  species  or  genera  and  their 
value  determined  much  in  advance  of  the  time  when  they  would 
flower  on  their  own  roots  or  on  plants  obtained  by  grafting  or  budding 
from  the  mature  shoots  of  the  seedlings. 

Hard-wooded  seedlings  which  need  to  be  flowered  in  the  shortest 
possible  space  of  time,  in  order  to  determine  their  value,  are  used  for 
inarching  as  soon  as  the  first  leaves  attain  a  fairly  firm  texture,  as,  for 
example,  in  the  case  of  the  mangosteen.  But  when  seedlings  are  used 
as  stocks  for  the  vegetative  propagation  of  established  varieties  by 
uniting  the  is^ocks  to  small  branches,  then  larger  seedlings  are  used. 
as,  for  example,  in  the  case  of  the  mango. 

The  cultivation  of  the  mango  on  a  large  scale  has  been  delayed  by 
our  hitherto-  expensive  and  clumsy  methods  of  propagation.  In  i 
recent  bulletin  issued  by  the  Commissioner  of  Agriculture  for  the  West 
Indies*  the  cost  of  producing  large  numbers  of  the  finer  varieties  of 
cacao  plants  by  inarching  the  small  branches  of  these  varieties  to 
seedlings  grown  in  bamboo  pots  is  given  at  6  cents  each.  In  places 
where  the  mother  mango  trees  have  already  been  grown  and  are  arail- 
able  for  such  use  the  owner  will  find  the  cost  per  inarched  plant  by  the 
method  here  given  to  be  reasonably  small  because  the  mango  is  as 
easy  to  inarch  as  the  cacao. 

Since  the  introduction  by  the  Bureau  of  Plant  Industry  of  loo^ 
than  a  hundred  varieties  of  the  mango  from  India  and  other  parts  of 
the  world,  the  cultivation  of  this  much-esteemed  fruit  in  the  scnu- 
tropical  parts  of  the  United  States  and  elsewhere  is  graduaUy  assum- 
ing important  proportions.  The  propagation  of  young  trees  of  those 
varieties  which  have  been  tested  must  necessarily  be  accomplished  by 
asexual  methods,  as  the  finer  Indian  varieties  do  not  come  true  from 
seeds. 

The  methods  of  propagation  up  to  the  present  time  have  all  been 
more  or  less  faulty  and  cumbersome.  The  budding  of  seedlings  in 
nursery  rows  requires  the  services  of  a  trained  propagator  who  knows 
what  to  do  and  how  and  when  to  do  it.  The  average  cultivator  can 
hardly  hope  to  acquire  the  skill  necessary  for  the  operation;  moreover, 
there  is  always  danger  of  loss  from  transplanting  budded  seedlings. 
Propagation  by  the  older  method  of  inarching  on  plants  growing  in 
5  and  6  inch  pots,  sometimes  for  more  than  a  year,  is  an  expensive 

a  Jones,  J.    The  Grafting  of  Cacao.    Dominicai  1909. 
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INABCHING  ROSE  SEEDLINGS.  11 

tiiody  necessitating  the  erection  of  strong  staging  around  the  parent 
for  the  accommodation  of  the  plants  in  pots;  moreover,  the  roots 

t;he  seedlings  become  curled  in  the  pots  and  make  it  difficult  to 
5"velop  a  good  root  system  for  the  future  tree.  The  method  here 
3(scribed  has  the  advantage  of  being  by  far  the  easiest  to  use.  Each 
rower  may  be  his  own  propagator.  With  a  helper  to  prepare  the 
^^dlings  he  can  easily  inarch  several  hundred  plants  in  a  day. 

^Rlsjiy  plants  belonging  to  various  genera  have  the  reputation  of 
eing  difficult  to  propagate  asexually,  but  this  is  due  mainly  to 
Lok  of  knowledge  in  regard  to  methods.  The  greater  portion  of 
txose  dicotyledonous  plants  considered  to  be  difficult  or  impossible 
3  propagate  have  this  reputation  because  the  methods  successfully 
sed  on  other  plants  have  been  applied  and  found  ineffective.  There 
,re  doubtless  easy  methods  of  asexual  propagation  for  all  hard- 
kTooded  dicotyledonous  plants  and  even  for  some  of  the  refractory 
aonocotyledons. 

The  method  described  in  the  following  pages  appears  to  be  the 
>xily  one  which  has  been  successfully  applied  to  the  rarest  and  most 
>rized  of  tropical  fruit  trees,  the  mangosteen.  This  is  a  fruit  of  high 
quality,  and  its  cultivation  on  a  large  scale  has  been  delayed  princi- 
pally by  the  difficulties  encountered  in  its  asexual  propagation. 
Vlaterial  for  the  work  of  propagation  is  somewhat  difficult  to  obtain, 
h>ut  where  an  abundant  supply  is  available  seedling  plants  may  be 
inarched  with  as  little  expense  as  with  the  young  branches  of  the 
□aango. 

The  method  has  also  been  very  successful  with  rare  varieties  of  the 
Chinese  litchi,  branches  of  these  having  been  united  with  very  small 
seedlings  of  common  forms  of  the  same  species.  ' 

INABCHINa  ROSE  SEEDLINGS. 

Seedlings  of  some  of  the  rose  groups  resulting  from  crossing  distinct 

varieties  or  otherwise  take  more  than  one  season  to  produce  flowers 

of  maximum  size  to  enable  the  breeder  to  judge  of  their  merits. 

They  take  much  longer  to  develop  when  budded  on  manetti  or  other 

stocks,  because  in  that  case  a  considerable  time  has  to  elapse  before 

the  growth  of  the  seedling  is  strong  enough  to  give  buds  and  wood 

fit  for  propagation  by  budding  or  by  grafting.     Rose  seedlings  3  to  4 

weeks  old,  or  after  the  first  few  character  leaves  are  developed,  lenc* 

themselves  very  readily  to  the  seedling-inarch  method  of  propagation. 

Tea  arid  hybrid-tea  seedling  roses  will  give  flowers  of  maximum  size 

very  quickly  after  the  tiny  seedlings  are  inarched  to  strong-growing 

manetti  or  other  stocks,  thereby  saving  much  time  in  preliminary 

tests. 

The  operation  of  inarching  is  simplified  if  each  seedling  is  pricked 
off  into  a  2-inch  pot  shortly  after  the  cotyledons  are  developed.     The 
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seedling  should  be  placed  as  near  the  rim  as  possible  (fig.  1).  Intto 
or  three  weeks  the  seedling  makes  sufficient  growth  to  be  ranoml 
from  the  pot,  when  a  little  fresh  soil  is  held  in  place  around  fix  nxH 


Fia.  3.— The  rose  9wd1liip  shown  la  Diiiire  I  loot  ir«eb  ifia  gnmloaliao.  pnputd  Ix  UR^"'' 

by  a  piece  of  cloth  about  5  inches  square  (fig.  2).  The  ball  contain^ 
the  roots  of  the  seedling  is  secured  to  the  stock,  the  stem  of  theseedlii" 
being  placeil  close  to  it,  so  that  the  inarch  may  be  easily  accompusw 


PROPAGATION   OF  THE   FINGEB  LIME.  13 

^fig.  3).     Ttte  union  is  a  rapid  one  and  becomes  perfect  some  time 
sefore  the  cotyledons  decay. 

It  is  well  known  that  many  seedling  roses  on  their  own  roots  pro- 


their  turn,  three  weeks  after  germination,  were  successfully  worked 
on  seedling  citrus  stocks  1  to  3  years  old,  and  in  two  more  years  these 
tiny  inarched-seedling  crosses  are  expecteil  to  bloom  and  produce 
Iniit. 
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the  pots  are  not  available  they  may  be  placed  in  wooden  receptariiE  I 
not  over  4  inches  square  and  of  the  same  depth. 

When  a  seedling  intended  for  use  In  inarching  is  potted  or  boxed, 
it  should  not  be  placed  in  the  center  of  the  receptacle.  It  vill  be 
found  convenient  and  will  cause  less  strain  both  on  the  st«m  of  tbe 
seedling  and  on  that  of  the  shoot  while  the  union  is  taking  place  if  tbr 
stem  of  the  seedling  is  near  the  edge  of  the  pot  or  box  (fig.  7).  Thf 
seedling  so  placed  wh«i  sub- 
sequently prepared  for  in- 
arching may  be  united  at  a 
point  an  inch  or  so  above  U» 
soil.  The  plants  should  bf 
potted  rather  firmly  in  ham- 
mock soil  of  a  nature  simiUr 
to  that  used  for  germinat- 
ing the  seeds,  with  a  amaU 
quantity  of  decomposed  sta- 
ble manure  added.  A  spsrf 
should  be  left  between  th* 
top  of  the  soil  and  the  t«p 
of  the  pot,  say  three-fourtls 
of  an  inch,  so  that  for  the 
time  being  a  single  watering 
will  moisten  the  soil  thor- 
oughly, 

PREPARATION    OF    8BBDUS08 
PEEVlOf  8  TO  INAKCHI.VG. 

In  a  few  weeks  some  of 
the  strongest  of  the  seed- 
lings will  have  made  sulfi- 
cient  diameter  of  stem  to  be 
used  as  stocks  for  inarchinj;- 
When  the  stem  of  the  seed- 
ling reaches  a  diameter  of  a 
quarter  of  an  inch  and  is 
fairly  firm  in  texture  (fig.  8). 
™""'™'  preparations    for    inaiching 

may  be  commenced.  The  seedling  is  not  inarched  while  in  the  pot, 
because  even  ii  4-inch  pot  adds  considerably  to  the  weight  (enough 
to  make  it  impossible  to  tie  it  to  the  inarched  branch) ;  besides,  its 
contents  would  dry  out  too  quickly.  Thick  sacking  cloth  cut  into 
pieces  about  10  inches  square  is  substituted  for  the  pot.  Tlie  seed- 
ling when  removed  from  the  pot  is  divested  of  that  part  of  the  soil, 
usually  near  the  top,  in  which  no  roots  have  formed.     The  remaining 
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part  of  the  ball  is  then  given  a  protective  covering  of  old  coconut 
Bber  or  hammock  soil,  or  if  this  is  not  convenient,  chopped  sphagnum 
moss,  sand,  and  decomposed  stahle  manure  may  be  used.     Part  of 
the  coconut  fiber  or  other  material  is  placed  on  the  outstretched  piece 
of  sacking  upon  which  the  ball  of  the  plant  is  then  laid,  and  as  the 
Backing  is  being  brought  up  and  around  the  ball  a<lditionnl  soil  is 
placed  about  the  roots.     Enough  of  this  soil  should  be  used  to  hold 
the  moisture  that  is  necessary  while  the  seedlii^  and  branch  are 
uniting.    The  sacking  is  then  tied  firmly  with  a  piece  of  strong 
string  and  the  plant  is  ready  for  working  (fig.  8).    This  operation 
may  be  performed  in  about  the  time  required  to  pot  a  seedling.     Sev- 
eral   hundred    seed- 
lings   may    be   thus 
prepared  at  one  time, 
and  if  the  tree  is  not 
more  than  4  or  5  feet 
in  height  every  shoot 
may    be    inarched. 
(See  fig.  9.) 

TH  E        CONVENIENT 
PLACING  OF 

MOTHER     PLANTS 
FOR    INARCHINO. 

Most  of  the  work 
of  inarchiag  on  seed- 
lings in  lai^e  pots  has 

hitherto     been    done  Fni.7._8oodliiiBinBnf!OsrDurinonlbaoid  Inwnchpots.    Tho  sloms 

in   the   field.       I^aige  aIUiesUiclisareabouCoa»4ounhluchlD(IIiuncter.    WIkq poUlnE. 

J       :  ij„    _i„i.  ihe  seedlings  ore  placed  close  to  the  rims  ol  ttie  pots  to  prevent 

and    unwieldy    plat-  ^u.o„,i,BMook  and  *:i0B  when  InaroWng. 

forms     have    been 

built  around  trees  on  which  to  place  the  potted  seedlings  convenient 

for  inarching  with  small  branches. 

By  the  new  method  of  inarching,  this  trouble  and  expense  are  uniiec- 
esaary.  The  process  of  inarching  and  caring  for  the  seedlings  during 
the  period  of  uniting  will  require  much  less  work  than  bj'  the  older 
methods.  Plants  of  tested  and  approved  varieties  intended  for  use 
in  propagation  can  be  kept  from  growing  more  than  5  or  6  feet  in 
height.  There  is  then  no  necessity  for  wooden  staging,  as  the  pre- 
pared seedlings  weigh  only  about  1  pound  each.  A  seedling  in  a 
5-inch  pot  weighing  nearly  4  pounds  needs  benching  to  support  it, 
but  the  small  seedlings  tied  in  cloth  can  be  supported  bj-  individual 
Btakes  or  by  a  piece  of  string  secured  to  a  stout  branch  (fig.  9).     The 
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use  of  large  or  even  moderate-sized  mango  trees  growing  in  the  field 
with  several  feet  of  stem  above  ground  for  propagating  purposes  a 
inadvisable  by  the  method  herein  described,  because  of  the  incon- 
venience entailed  both  in  the  operation  of  tying  on  the  seedlings  and 
in'supplying  them  with  water  and  shade  during  the  time  of  unitii^. 
It  would  be  a  great  saving  of  time  and  work  if  the  trees  to  be  prop»- 
^ted  were  planted  moderately  close  together  inside  a  lath  structure. 


Fio.  S.— SndUnf:  mango  stoob  pnpaRd  tor  burclilng.  Tbe  tiqaoD,  tn  vhldi  Ihn  an  tio  raott.  b 
removed,  und  additional  »U  or  ooconut  flber  la  plaoed  umind  the  ball  and  btM  in  place  wtlh  ■  plK*  li 
sacking.    The  seedlings  are  Iben  mdy  to  be  liurcbed.    Each  pluit  wben  Uiua  pnpared  wrlgtu  ■boni  I 

such  as  is  used  in  many  parts  of  Florida.  This  would  not  only 
give  protection  from  the  sun,  but  with  the  different  desirable  Tarietie* 
contained  in  an  inclosure  of  this  nature,  the  work  of  CAring  for  them 
would  be  reduced  to  a  minimum.  The  trees  could  be  kept  dwarf,  the 
seedlings  put  in  place  without  inconvenience,  and  a  laige  number  of 
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eedlings  attached  to  branches  could  be  watered  conveniently. 
Cvery  small,  ripened  branch  could  be  used  for  inarching,  and  in  the 
ase  of  tested  and  approved  varieties  the  inarched  seedlings  could 
te  planted  out  and  kept  as  stock  plants,  to  be  used  for  inarching  later 
■n.  It  is  entirely  possible  to  grow  a  very  large  number  of  seedling- 
oarched  plants  within  a  few  years,  beginning  with  only  a  single  plant 
Q  a  5-inch  pot. 

In  Florida,  mango  trees  of  tested  varieties  have  been  grown  into 
ymmetrical  specimens  with  many  branches  close  to  the  ground,  as 


seen  in  Plate  V,  figure  1,  When  a  tree  of  an  approved  variety  has 
this  habit,  it  is  ft  simple  matter  to  propagate  enough  young  trees 
from  it  within  two  months  to  plant  at  least  10  acres  of  ground,  and 
with  a  very  small  expenditure  of  money.  Certainly  with  the  material 
aheady  at  hand  the  cost  per  plant  ready  for  setting  out  will  be 
trifling. 
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MAKING  THE    INARCH. 

First  select  the  branchlet  to  be  inarched,  taking  care  that  the 
diameter  of  the  stem  is  not  greater  than  that  of  the  seedling  stocL 
It  should  be  fairly  well  ripened  and  have  several  healthy  leaves  (PL 
III;  fig.  1 ) .  Make  a  cut  in  the  stem,  beginning  at  a  point  2  to  3  inches 
from  the  terminal  bud  (PI.  Ill,  fig.  1,  ^);  in  taking  a  slice  from  the 
stem  cut  into  the  wood  not  more  than  one-third  of  its  diameter.  The 
slice  removed  may  be  about  2  inches  in  length;  any  leaves  which 
hinder  this  operation  should  first  be  cut  off.  Make  a  cut  of  similar 
length  and  depth  near  the  base  of  the  stem  of  the  seedling  (PL  III, 
fig.  1,  B),  Bring  the  stock  and  scion  neatly  together,  the  bark  meet- 
ing on  both  sides  if  possible,  and  tie  firmly  with  a  piece  of  soft  string 
or  strand  of  rafTia  (PI.  Ill,  fig.  2).  After  this  is  done  it  only  remains 
to  secure  the  ball  of  the  seedling  to  the  lower  part  of  the  branch;  or 
if  the  inarched  branch  is  a  short  one  the  ball  may  be  tied  to  the  older 
wood.  It  will  often  happen  that  the  seedling  will  need  no  further 
support;  but  when  necessary  a  cane  stake  for  further  tying  may  be 
utilized  (fig.  9),  or  a  strong  cord  may  be  fastened  to  a  stout  stake 
driven  into  the  soil  in  a  convenient  position  and  the  inarched  seed- 
lings attached  to  it.  Many  little  devices  of  like  nature  will  suggest 
themselves  to  suit  the  peculiarities  of  each  mother  tree  on  which  it 
is  desired  to  make  inarches. 

WATERING   SEEDLING   STOCKS    WHILE    UNITING. 

The  process  of  uniting  the  seedlings  to  small  branches  of  the  mango 
trees  will  in  no  case  be  completed  in  less  than  four  weeks;  if  the 
weather  is  cool  it  sometimes  takes  six  weeks  to  effect  a  satisfactorr 
union.  It  is  very  essential  that  the  roots  of  the  seedling  be  kept 
moist  while  the  union  is  taking  place.  Under  glass  this  is  accom- 
plished satisfactorily  by  the  usual  daily  syringings,  but  out  of  doors, 
on  large  specimens,  careful  watching  is  absolutely  necessary  to  pre- 
vent the  seedling  stocks  from  drying  out  at  the  roots.  If  the  mother 
plants  are  growing  within  a  lath  structure,  a  syringing  once  or  twice 
each  day  according  to  the  weather  will  be  all  that  is  required.  The 
seedlings  should  be  often  examined  to  ascertain  their  condition  and 
supply  their  wants  in  this  respect.  While  the  steins  are  uniting  with 
the  branches  the  roots  of  the  seedlings,  if  surrounded  with  such  mate- 
rial as  coconut  fiber,  will  not  dry  out  any  more  quickly  than  they 
would  under  the  conditions  accompanying  the  old  method  of  inarch- 
ing branches  to  large  seedlings  in  pots. 

The  result  of  this  method  is  to  effect  a  perfect  union.  Staging  for 
the  support  of  large,  potted  seedlings  is  not  necessary;  there  is  abso- 
lutely no  waste  of  material;  and  a  much  greater  number  of  inarched 
plants  can  be  grown  in  a  given  time,  and  much  more  cheaply,  than  by 
any  of  the  older  methods. 
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aEATMEXT  OF  THE   INARCHES  BEFORE  SEVERING  FROM  THE   PARENT 

TREE. 

During  the  spring  and  summer  months  the  unions  will  be  in  a  sat- 
^factory  condition  in  from  four  to  six  weeks  after  the  operation  of 
larching  is  performed.  But  the  scions  must  not  be  severed  from 
he  parent  tree  all  at  once.  Unless  the  separation  is  performed 
raduallj,  the  check  is  too  severe  and  may  result  in  their  collapse. 
iy  examining  a  few  of  the  inarches  about  four  weeks  after  they  have 
>een  worked  it  will  be  readily  ascertained  if  a  union  has  taken  place 
>r  if  there  is  a  likelihood  of  its  being  effected.  When  that  stage  is 
eached — that  is,  when  the  branch  and  the  seedling  seem  fairly  well 
inited — the  top  part  of  the  stock  at  the  point  immediately  above 
,he  union  and  on  the  side  opposite  to  it  may  be  cut  halfway  through. 
\.  few  days  later  the  small  branch  united  to  the  seedling  at  a  point 
mmediately  below  the  union  should  be  cut  to  one-third  of  its  diam- 
eter; another  cut  may  be  given  a  few  days  later  and  the  branch, 
together  with  the  top  of  the  seedling,  may  be  entirely  severed  when 
a  safe  union  is  effected  (PL  IV,  fig.  1).  It  should  be  understood  that 
the  time  required  for  a  satisfactory  union  depends  upon  several  fac- 
tors, such  as  the  weather,  condition  of  the  scion,  root  condition  of 
the  stock,  etc.,  but,  as  thousands  of  successfully  inarched  plants 
have  shown,  there  is  no  danger  of  failure  if  the  conditions  be  correct. 
During  the  past  three  years  many  persons  interested  in  the  mango 
from  southern  Florida  and  from  places  abroad  have  visited  the  propa- 
gating houses  of  the  Bureau  of  Plant  Industry.  Simple  instructions 
to  each  visitor  have  enabled  him  to  attach  a  seedling  to  a  mango 
branch  with  not  a  single  resulting  failure. 

TREATMENT  OF  INARCHED  PLANTS. 

As  soon  as  the  inarched  plants  are  severed  from  the  parent  tree 
they  may  be  placed  in  a  shaded  frame  for  a  few  days  before  potting, 
to  prevent  wilting  of  the  leaves.     The  atmosphere  should  be  kept 
moderately  moist,  with  the  temperature  not  too  high.    The  plants 
may  then  be  prepared  for  potting  by  removing  the  string  and  burlap. 
Five-inch  pots  or  shingle  boxes  5  inches  deep  will  be  found  large 
enough  for  most  of  the  plants  (PI.  IV,  fig.  2).    The  soil  will  necessa- 
rily be  that  obtainable  in  the  vicinity  of  the  operations.    Where 
loam  is  not  available,  hammock  soil  can  be  substituted,  improved  by 
adding  finely  chopped,  old  stable  manure  and  using  1  part  of  this  to 
3  of  the  soil,  ramming  the  mixture  firmly  around  the  original  ball. 
Water  is  applied  sparingly  at  first,  but  in  sufficient  quantity  to  keep 
the  air  moist  around  the  plants,  so  as  to  encourage  root  growth.     A 
deep  frame  facing  north  will  supply  the  conditions  necessary  in  this 
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respect.     The  water  is  best  supplied  to  the  plants  by  a  watering  can 
with  sprinkling  attachment. 

As  soon  as  the  plants  are  established  in  their  receptacles  thtx 
should  be  gradually  exposed  to  air  and  sunshine.  Plants  grown  by 
this  method  (PI.  V,  fig.  2),  being  worked  immediately  above  th» 
soil,  can  be  safely  sent  long  distances  by  mail.  The  Bureau  of  Plant 
Industry  has  successfully  shipped  inarched  plants  by  mail  to  thr 
Hawaiian  Islands,  and  many  hundreds  have  also  been  successfully 
sent  by  mail  to  experimenters  in  southern  Florida. 

TESTING   TOE    NUMEROUS   VABIETIES   OF  THE    INDIAN   AND   OTHEK 
MANGOS    IN    FLORIDA. 

Although  nearly  a  hundred  varieties  of  the  mango  are  now  grow- 
ing in  Florida  and  elsewhere,  principally  as  a  result  of  the  s 


Tia.  10.— Illustration  at  vay  old  metbodx  of  budding  mcd  on  Que  manga  In  PlorldB  and  rlsrvlm- 
Tbtse  methods  Involve  a  ^reat  waal*  of  materia].  They  an  IDostnUd  and  daxtbol  In  Bobot 
Sharroch's  "  Hlstan'  ol  the  rropagatlon  aod  Impraveniait  ol  Vegetables,"  1S71. 

inarch  method,  only  about  a  dozen  have  fruited  sufficiently  to  deter- 
mine the  quality  of  the  fruit  and  its  adaptability  for  the  market. 
It  is  to  be  feared  tliat  many  of  these  untested  varieties  are  being 
increased  irrespective  of  their  merits.  This  is  a  mistaken  policy  and 
in  many  cases  it  may  prove  an  expensive  one.  The  aim  of  cul- 
tivators should  rather  be,  in  fruiting  s  variety  the  fruit  of  which  is 
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nknown  in  Florida,  to  determine  its  worth  before  propagatmg  it 
yctensively.  This  may  be  done  by  using  small  seedling-inarched 
lantSy  after  they  have  become  established,  in  5-inch  pots,  for  inarch- 
ig  on  the  old  wood  of  stout  branches. 

After  removing  the  plant  from  the  pot,  inclose  the  ball  with  soil 
:ept  in  place  with  a  piece  of  sacking  and  strong  cord.  Inarch  the 
op  of  the  plant  to  the  thick  part  of  a  branch  of  a  fruiting  tree. 
lalf  a  dozen  or  more  distinct  varieties  may  be  placed  on  a  single 
ree  and  carefully  labeled.  When  the  unions  are  secured,  gradually 
emove  the  branch  of  the  tree  above  the  union,  also  the  original 
narched  plant  below  the  union,  and  coat  the  cut  surfaces,  especially 
hat  of  the  stock,  with  grafting  wax  so  as  to  prevent  declty.  If  the 
ioil  of  the  plants  to  be  inarched  is  kept  moist  during  the  process  of 
miting  the  chances  of  failure  are  remote.  The  young  inarched 
ihoots  will  make  rapid  headway  and  will  fruit  much  more  quickly 
than  young  plants  set  out  for  testing.  Two  of  the  very  old  methods 
>f  budding,  which  are  used  on  the  mango  in  Florida  and  in  other 
countries,  are  shown  in  figure  10. 

PBOPAOATINQ  THE  MANGOSTEEN. 
GENERAL   STATEMENT. 

The  mangosteen  is  one  of  the  most  remarkable  of  trees  in  that 
until  lately  it  has  defied  attempts  at  asexual  propagation.  It  has 
also  the  reputation  of  being  the  most  difiicult  of  all  trees  to  grow. 
Most  people  who  have  sampled  it  pronounce  it  the  most  luscious  of 
all  tropical  fruits  (figs.  11  and  12). 

The  contention  that  the  mangosteen  is  difficult  to  grow  is  abund- 
antly  proved   in   countries   where   it   is   cultivated   and  the  high 
praise  bestowed  on  the  fruit  is  also  well  authenticated.    The  mango- 
steen is  a  native  of  the  Malay  Peninsula  and  Archipelago.     It  is 
cultivated  in  a  small  way  in  Ceylon,  southern  India,  and  Cochin 
China,  and  there  are  a  few  trees  in  the  warmer  islands  of  the  West 
Indies,  but  nowhere  is  it  cultivated  to  the  same  extent  as  other  trop- 
ical fruit  trees.     It  is  doubtful  whether  more  than  a  dozen  fruiting 
trees  can  be  found  in  the  Western  Hemisphere.     Its  requirements 
have  probably  not  been  understood  here  or  elsewhere,  as  there  is 
abundant  evidence  that  it  has  time  and  again  been  planted  in  very 
unfriendly  soils  and  under  adverse  climatic  conditions.    There  is 
now  little  doubt  that  as  a  result  of  the  successful  experiments  in  its 
propagation  in  the  greenhouses  of  the  Department  of  Agriculture  it 
will  be  possible  to  obtain  healthy  growth,  especially  where  the  mango- 
steen seedlings  have  been  inarched  on  other  species  of  Garcinia  and 
*feo  on  other  genera  of  the  order  to  which  the  mangosteen  belongs. 
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DIFFICULTY    IN    GROWING    THE    HAN008TGEN    FROM    8BBDS. 

'  cause  of  the  difUculty  in  rearing  young  seedlings  of  the  man- 
a  has  not  been  fully  determined.  -Several  experiments  car- 
Lit  from  the  gardener's  standpoint  to  ascertain  the  cause  have 
i:ed  negative  results.     It  is  known  that  the  most  precarious 

in  the  life  of  the  mongosteen  tree  is  the  seedling  stage,  but 
vith  seedhngs  the  results  of  careful  treatment  are  by  no  means 
in.  When  a  comparatively  laige  number  are  given  the  same 
'mperature,  etc.,  all  grow  well  until  they  are  about  3  inches 

the  surface  of  the  soil.  After  that  period,  when  grown  on 
own   root.s,  sometimes   two-thirds  of  the  number  will  either 


FK).  12.— Uuif|ciat«i  bulls  cut  open,  sliawlog  tbe  whlM  cdlbk  Intarloi. 

■  in  a  stunted  condition  or  the  leaves  subsequently  developed 
ve  a  yellowish-brown  color." 

.(■ms  to  be  the  experience  of  cultivators  in  Ceylon,  India,  and 
''st  Indies  that  when  the  leaves  of  a  mangosteen  seedling 
-  a  sickly  appearance  there  is  little  or  no  hope  for  the  future 
of  the  plant.     This  belief  accords  with  the  behavior  of  the 

mangoeteon  fruit  seldom  produces  morethanoDsor  twoseeds.  These  grow 
''Ut,  so  far  as  we  are  aware,  few  treee  have  been  eetablL«hed  from  them.  Our 
.e  shows  that  after  appearing  above  grouad  the  seedling  grows  freely  for  one 
'-an,  but  afterwards  generally  assumes  a  sickly  appearance  and  gradually 

"—Bulletin  of  Miscellaneous  Information,  Royal  Botanical  Garden,  Trini- 

lary,  18B5,  vol.  2,  no.  1,  p.  10. 
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first  lot  of  seedlings  in  the  greenhouses  of  the  Department  of  Agri- 
culture. The  roots  of  these  sickly-looking  specimens  when  exam- 
ined superficially  appeared  fairly  healthy,  but  whether  at  the  begin- 
ning the  trouble  is  with  the  roots  or  with  the  leaves  has  not  yet  been 
determined.  It  is  known,  however,  that  when  the  seedling  depends 
on  its  own  roots  it  is  impossible  to  get  those  affected  seedlings  to 
develop  healthy  leaves  above  the  sickly  ones.  The  difficulty  h«s 
been  repeatedly  overcome  (in  fact  in  every  instance)  when  the  sicklr 
seedling  is  inarched  to  some  strong-rooted  species  of  the  same  genus. 
Plate  VI,  figure  1,  shows  an  inarched  seedling  mangosteen  in 
which  the  two  terminal  leaves  did  not  develop;  furthermore,  the 
leaves  below  the  terminal  ones  died  and  after  inarching  all  the 
growth  above  the  first  pair  of  leaves  gradually  succumbed,  but  the 
dormant  buds  lower  down  on  the  seedling  developed  the  two  healthy 
growths  shown  in  the  illustration  (PL  VI,  fig.  1,-4).  It  must  not  be 
inferred  from  this  experience  that  this  is  the  only  method  of  propa- 
gating the  mangosteen — or  even  a  desirable  method,  for  that  matter. 
This  point  will  be  made  clear  in  the  description  of  the  nurse-plant, 
method  of  propagation  (p.  32). 

CARE   OF   MANGOSTEEN    SEEDLINGS    WHILE   GROWING    IN   POTS. 

Few  plants  show  the  results  of  inattention  on  the  part  of  the  culti- 
vator more  plainly  than  the  mangosteen.  When  once  a  plant  be- 
comes in  the  least  sickly,  there  is  little  likelihood  of  its  recoveii'  on 
its  own  roots.  The  mangosteen  does  not  take  kindly  to  heavj 
soils;  it  prefers  a  well-drained  soil  containing  a  large  proportion  d 
decayed  vegetable  matter.  When  seedlings  are  removed  from  flats 
and  put  in  pots  some  will  die  without  apparent  cause.  An  orer- 
supply  of  water  causing  the  soil  to  become  in  the  least  sour  is  cer- 
tain to  induce  sickness  much  more  quickly  in  the  mangosteen  than 
in  other  species  of  the  genus.  Therefore,  great  care  is  necessary  in 
handling  the  plants,  especially  in  the  early  stages  of  the  seedlings. 

THE    ROOT    SYSTEM    OF    THE    MANGOSTEEN    CX>MPARED    WITH    OTHEH 

SPECIES   OF   GARCINIA. 

Unfortunately  the  mangosteen  is  not  a  strong-rooting  plant, 
especially  during  the  first  year  or  two  after  germination.  This 
peculiarity  renders  it  particularly  sensitive  to  dry  weather  and  maj 
account  in  part  for  the  many  failures  to  grow  it  successfully.  Nearir 
all  the  other  species  of  the  genus  have  strong  and  abundant  roots, 
even  in  the  seedling  stages.  It  therefore  seems  likely  that  the  man- 
gosteen will  thrive  better  and  under  more  widely  varying  soil  and 
atmospheric  conditions  if  the  young  plant  is  inarched  to  some  species 
of  the  genus  which  has  a  good  root  system. 
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PROPAGATION    BY   THE   ORDINARY   METHOD  OF   INARCHING. 

Wtien  the  ordinary  method  of  grafting  is  employed  or  when  mature 
3kEi.olies  of  the  mangosteen  are  inarched  to  stocks  of  some  of  the 
"ge-leaved  species  of  Garcinia,  unions  are  obtained  which  appear 
ite  firm  and  evidently  successful,  but  the  differences  in  texture 
tfi^een  the  woods  of  stock  and  scion  are  too  great  for  good  unions 
be  effected.  The  lateral  shoots  or  small  branches  of  young  trees 
tlie  mangosteen  3  to  4  feet  in  height  have  been  tried  repeatedly; 
it  the  wood  of  the  mangosteen  growths  does  not  attain  that  requi- 
ji&  hard  consistency  which  we  get  in  seedling  Garcinias  of  other 
ecies,  varying  in  size  from  a  few  inches  to  IJ  feet  in  height.  The 
ood  of  these  seedlings  is  comparatively  hard  and  gives  a  rapid  and 
.tisfactory  callus;  the  branches  of  larger  mangosteen  plants  on  the 
ilier  hand  are  green  and  comparatively  soft,  and  the  inarches, 
•ter  being  gradually  severed  from  the  parent  mangosteens,  look 
irly  promising  for  a  day  or  two,  but  notwithstanding  the  best  of 
ire  they  droop  and  shrivel.  Further  experiments  with  shoots  of 
\TgGT  mangosteen  plants  are  now  in  progress  to  ascertain  the  result 
F  delaying  the  severance  of  the  mangosteen  shoots  from  the  mother 
ree,  ranging  from  a  period  of  six  weeks  to  one  of  three  to  six  months. 
*he  sound  appearance  of  some  of  the  unions  indicates  that  this 
lethod  may  be  successful. 

CONDITION    OF   THE    WOOD   OF   SEEDIJNO    MANGOSTEENS. 

The  texture  of  the  stems  of  the  seedling  mangosteens  3  to  4  months 
>\d  is  firmer  than  that  of  lateral  branches  of  seedlings  3  to  4  feet 
ligh,  and  at  the  earlier  stage  is  admirably  adapted  for  inarching; 
n  lact,  when  united  to  a  strong-growing  plant  of  any  of  the  larger 
eaved  species  of  Garcinia,  the  union  is  rapid  and  very  satisfactory'. 
Seedlings  of  the  mangosteen  with  stems  averaging  one-sixth  of  an 
nch  in  diameter  at  the  time  of  inarching  have  increased  within 
three  months  to  half  an  inch  in  diameter. 

STOCK   PIJINTS    FOR   THE   MANGOSTEEN. 

The  mangosteen  (Garcinia  inangoataTia)  belongs  to  the  natural 
family  Guttifer».  The  genus  Garcinia  is  a  large  one,  the  Index 
Kewensis  listing  228  species.  Of  these  species  about  20  have  been 
tried  in  the  inarching  experiments;  and  while  the  mangosteen 
unites  with  all  of  them,  only  a  few  can  be  reconunended  as  promising 
stock  plants.  Two  other  genera  of  the  same  family,  Calophyllum 
and  Platonia,  have  been  tried.  Two  species  of  Calophyllum,  C, 
calaha  and  O,  inoph/yUura,  are  not  satisfactory  because  the  union 
between  these  and  the  mangosteen  is  imperfect.  This  is  partly 
because  the  stems  of  the  Calophyllums  are  softer  than  those  of  the 
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see<lUng  mangosteen  and  partly  because  the  growth  made  by  the  for 
mer  as  they  hecome  older  is  much  more  rapid.  Plat<nUa  inngm 
(PI.  VI,  fig.  2),  on  the  other  hand,  so  far  as  the  experimental  wori 
has  [)rogresse<I,  is  a  very  promising  stock  from  one  to  three  years  attai 
germination,  and  if  it  will  grow  mider  the  conditions  suitable  for  tin 
mangosteen,  it  may  turn  out  to  be  the  best  stock  of  all  those  tnei 
The  most  prombing  species  of  Garcinia  for  use  as  stock  plaal: 
for  the  mangosteen  are  G.  tiTicioria  (%.  13),  G.  morelUi,  and  fi, 


liidmjstoiwi,  in   the  order  named,   the  last  a  native  of  Portuguese 
East  Africa.     The  two  first  named  are  from  the  Malay  Peninsula. 

The  list  of  species  of  Garcinia  experimente<l  with  k  as  follows: 
G.  cornea,  G.  hanburyi,  G.  moreUa,  G.  iinctoria,  and  G.  sjncaia, 
from  the  Malay  Peninsula;  G.  binucao,  G.  cowa,  and  G.  indica,  from 
India;  G.  liviiujstonei,  from  Portugese  East  Africa;  G.  spedosa,  from 
Burma;  G.  loureiri  and  G.  sizijgiifolia,  from  Borneo;  and  G.  fasca, 
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om  Siam.  It  is  quite  possible  that  several  other  species  of  Gar- 
mi^  may  be  even  more  valuable  as  stock  plants,  and  also  that  some 
>ooies  of  the  related  genera  may  prove  desirable,  but  other  material 
lan.  that  mentioned  has  not  been  available  in  the  work.  All  the 
pomising  species  ought  to  be  tried  whenever  there  is  an  opportunity. 
oixie  species  of  Garcinia  lately  found  in  the  PhiUppine  Islands  would 
dexTL  to  be  promising  mangosteen  stocks,  especially  those  said  to 
poi^  under  widely  varying  conditions. 

OBOWING   SEEDLING   STOCKS. 

None  of  the  species  of  Garcinia  used  as  stocks  are  difficult  to  raise 
rom  seeds,  provided  they  are  fresh.  They  are  easiest  to  germinate 
ehen  sown  in  soil  composed  largely  of  partially  decomposed  leaves 
Kiixed  with  a  little  loam  and  rough-grained  sand.  They  should  be 
>otted  as  soon  as  the  first  leaves  are  well  developed.  All  the  Gar- 
sinias  with  the  exception  of  G,  mangostana  have  magnificent  root 
lystems  and  they  thrive  under  ordinary  treatment  in  so  far  as  soil 
97atering  and  a  considerable  range  of  temperature  are  concerned. 

It  is  an  important  point  to  have  the  stock  plants  in  an  active 
dtage  of  growth  when  the  union  is  in  progress,  though  the  seedling 
mangosteens  may  be  inarched  while  apparently  dormant.  Although 
the  unions  when  both  stock  and  scion  are  in  a  resting  stage  are 
fairly  satisfactory,  the  difference  in  growth  is  easily  observable 
when  the  stock  plants  are  in  active  growth.  To  secure  this  active 
growth  the  stocks  should  be  allowed  to  become  dormant;  then, 
when  they  are  given  lai^r  pots,  good  drainage,  and  soil  composed 
of  rotted  leaves,  at  least  one-half,  and  the  rest  fibrous  loam  contain- 
ing a  little  rough-grained  sand,  together  with  some  rough  charcoal 
and  crushed  bone,  they  will  under  high  temperature  respond  with 
vigorous  growth.  When  inarched  in  this  condition  the  union  is 
always  satisfactory. 

All  plants  used  as  stocks  have  been  from  one  to  three  years  old. 
Within  that  period  the  age  of  the  stocks  seems  to  make  little  differ- 
ence, especially  when  used  as  nurse  stocks.  Mangosteen  seedUngs 
seven  months  old  united  on  nurse  stocks  of  3-year-old  Garcinia  tinc- 
taria  made  very  fine  unions  (PI.  VII),  and  within  six  months  after  the 
union  some  of  the  mangosteen  stems  were  almost  as  thick  as  those 
of  the  stocks. 

PBEPARINO   SEEDLINGS   FOR   INARCHING. 

The  propagation  of  seedling  mangosteens  for  inarching  on  the 
stems  of  seedling  stocks  of  other  species  of  Garcinia  (fig.  13)  does  not 
differ  materially  from  that  operation  as  described  for  seedlings  of 
the  mango  (p.  15).    The  mostJmportant  difference  to  be  observed 
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is  that  the  roots  of  the  mangosteen  need  to  be  kept  aliye  only  long 
enough  to  give  partial  support  to  the  seedling  while  the  union  is 
takii]^  place.  In  the  inarched  mango  the  roots  6f  the  seedling  ue 
very  carefully  tended  because  they  are  to  become  the  roots  of  the 
future  mango  tree.  To  insure  sufficient  moisture,  place  around  tbe 
ball  of  the  seedling  fresh  sphagnum  moss  mixed  with  twice  the 
quantity  of  partly  decayed  leaves.  Keep  this  material  in  position 
around  the  roots  of  the  seedling  with  a  piece  of  cloth  which  vifl 
absorb  water  readily.  The  seedling  may  be  supported  with  a  piece 
of  (-inch  galvanized-iron  wire  while  the  union  is  taking  place. 

MAKING  THE   INARCH. 

Place  the  stem  of  the  seedling  mangosteen  close  to  that  part  of  the 
stem  of  the  stock  where  it  is  desired  to  make  the  union,  then  tie  the 
root  of  the  seedling  inclosed  in  a  piece  of  sacking  to  the  stem  of  the 
stock  plant  with  a  strand  of  raffia.  After  making  the  tie,  and  before 
cutting  the  ends  of  the  strand  of  raffia,  put  in  the  wire  support  and 
make  secure  with  raffia.  Cut  a  slice  from  the  stem  of  the  stock, 
going  into  the  stem  about  one-third  of  its  diameter.  The  length  of 
the  slice  is  regulated  by  the  length  of  available  stem  in  the  seedling; 
2  inches  is  desirable,  but  less  will  suffice.  Next  remove  a  piece  of 
the  stem  of  the  seedling  exactly  opposite  the  cut  in  the  stock,  exercis- 
ing extreme  care  in  making  one  side  of  the  cut  on  the  scion  fit  evenly 
with  one  side  of  the  cut  on  the  stock.  Pay  no  attention  to  the  other 
edges  of  stock  and  scion,  but  bind  firmly  together  and  the  operation 
is  complete.  If  the  inarching  is  performed  in  summer,  and  this 
seems  the  best  time,  make  a  puddle  of  adhesive  clay,  mixing  it  with 
some  raw  cotton  which  has  been  cut  up  fine  with  a  pair  of  shears; 
apply  this  around  the  parts  to  be  united  and  allow  it  to  dry.  The 
clay  serves  two  purposes — ^it  excludes  air  and  it  absorbs  all  the  sip 
exuded  from  the  cut  portions.  The  raw  cotton  prevents  the  puddled 
clay  from  disintegrating  while  the  union*  is  taking  place. 

It  is  well  that  the  point  of  union  should  be  so  chosen  that  a  few 
leaves  of  the  stock  plant  may  be  left  growing  below  the  union  (fig. 
13)  after  the  top  of  the  stock  and  the  roots  of  the  seedling  have  been 
removed.  If  the  union  is  near  the  base  of  the  stock  and  below  the 
foliage  the  subsequent  growth  made  by  the  inarched  seedling  man- 
gosteen after  being  separated  from  its  roots  is  not  so  rapid  nor  so 
robust  as  it  is  when  placed  farther  up  the  stem  and  above  a  few  of  the 
leaves.  When  mangosteen  seedlings  are  inarched  on  nurse  stocks 
the  conditions  are  different,  and  the  imion  is  made  as  low  on  the 
stock  as  possible  (PI.  VI,  fig.  2,  C). 
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illftOVINO   THE   TOPS   OF   THE   STOCKS   AND   THE   BOOTS   OF   SEEDLING 
MANGOSTEENS  AFTER  A  UNION   HAS   BEEN   EFFECTED. 

After  the  seedling  maiigosteens  have  become  united  with  the  stock 
lants  the  tops  of  the  stocks  should  be  gradually  severed  above  the 
oion.  A  notch  may  be  made  in  the  stem  of  the  stock  immediately 
bove  the  union  and  on  the  side  of  the  stem  opposite  to  it.  Ten  days 
Fterwards  the  top  may  be  removed  altogether. 

When  seedling  mangosteens  are  inarched  with  the  intention  of 
Bmoving  the  roots  after  the  union  is  perfect,  the  soil  around  the  roots, 
leld  in  position  by  the  piece  of  cloth,  should  be  allowed  only  a  small 
[uantity  of  water  for  a  period  of  about  two  weeks  after  the  tops  of 
he  stocks  have  been  removed,  then  the  stem  of  the  mangosteen  seed- 
ing may  be  gradually  severed  immediately  below  the  union.  Any 
eaves  on  the  stem  of  the  stock  plant  below  the  top  of  the  united  parts 
^fig.  13)  may  be  allowed  to  remain,  as  they  are  helpful  in  keeping  the 
narched  seedling  in  a  healthy  condition  till  the  time  arrives  when  it 
will  make  large  leaves  of  its  own.  But  in  the  nurse-plant  method  it 
does  not  seem  necessary  to  allow  any  of  the  leaves  to  remain  on  the 
stock. 

INARCHED  MANGOSTEEN  SEEDLINGS  REESTABLISHING  THEIR  OWN  ROOT 

SYSTEMS. 

During  the  progress  of  the  experiments  in  inarching  the  mango- 
steen several  of  the  inarched  plants  exhibited  a  peculiar  character- 
istic which  up  to  that  time  had  not  been  noticed  in  any  other  inarched 
plant.    About  eighteen  months  after  1-year-old  mangosteen  seedlings 
were  apparently  united  to  Oarcinia  tindoriaj  as  well  as  to  other  species, 
and  long  after  the  root  and  part  of  the  stem  of  the  mangosteen  seed- 
ling, together  with  the  top  of  the  stock,  had  been  severed  and  the 
mangosteen  had  made  splendid  growth,  as  evidenced  by  large,  well- 
formed,  and  deep-green  leaves,  each  suddenly  developed  a  very  thick 
aerial  root  at  the  base  of  the  inarched  stem  of  the  mangosteen  (PI. 
VIII,  fig.  2) .    This  root  became  elongated  and  pierced  the  soil  several 
inches  below  the  point  at  which  the  roots  firet  appeared,  apparently 
making  very  rapid  progress  after  reaching  the  soil.     About  two  months 
afterwards  the  extra  rapid  growth  of  the  new  leaves  was  pronounced. 
In  one  or  two  instances  the  stock  plants  on  which  the  mangosteens 
were  inarched  began  to  decay;  the  dissolution  was  rapid,  and  in  a 
few  months  from  the  appearance  of  the  aerial  roots  the  rebellious 
maDgosteens  were  again  on  their  own  roots,  looking  strong  and 
healthy  (PI.  VIII,  fig.  1). 

The  behavior  of  the  inarched  seedlings  in  reestablishing  their  own 
root  systems  strongly  suggests  noncongeniality  of  the  scion  to  the 
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stock;  but  that  this  is  not  true  is  proved  by  the  behavior  of  thoee 
mangosteens  propagated  by  the  nurse-plant  system.  MoreoTer,  it 
has  been  found  that  the  steins  of  seedhngs  when  inarched  at  a  point 
2  or  3  inches  above  the  first  pair  of  leaves  on  the  stocks,  as  seea  ia 
figure  13,  evidently  make  permanent  unions;  at  least,  there  has  been 
no  attempt  on  the  part  of  the  scions  to  produce  roots,  and  the  stens 
of  the  stocks  have  increased  considerably  in  girthsince  the  unians 
took  place.  As  further  evidence  that  the  formation  of  roots  at  Uie 
base  of  the  inarched  branch  is  not  due  to  noncongeniality  of  stock  to 
scion  it  may  be  mentioned  that  the  bases  of  the  inarched  branchm  of 
Utchi  when  inarched  on  seedlings  of  the  same  species  form  roots  veir 
freely.  Especially  when  the  branch  is  severed  an  inch  or  two  from 
the  lower  part  of  the  union,  and  the  cut  surface  touches  the  soil,  roots 
are  always  formed  abundantly.  It  has  been  possible  in  numerous 
instances,  after  these  roots  have  made  considerable  headway,  to  obtain 
a  second  plant  as  a  result  of  this  characteristic  by  severing  the  stem 
after  rooting  at  a  point  as  near  the  base  of  the  inarched  p  art  as  possiUe- 
During  the  early  part  of  1909  the  idea  suggested  itself  that  thb 
peculiar  feature  in  the  behavior  of  inarched  .mangosteen  pUjm 
described  above  might  be  used  to  bring  the  seedlings  throu^  the 
earlier  and  crucial  stages  of  their  existence.  So  far  as  our  work  has 
gone  the  results  are  exceedingly  satisfactory,  and  the  new  method 
may  be  termed  the  nurse-plant  system  of  prop^ation. 

THE  NUESE-PLANT  SYSTEM   OF  PBOPAGATINO  THE  M 

About  thirty  seedlings  of  the  mangosteen,  averagi 
height,  were  available  for  taking  advantage  of  the  lea 
the  beliavior  of  the  inarched  plants  described  above, 
seedlings  were  beginning  to  show  in  their  foliage  sig 
They  were  carefully  removed  from  the  3-inch  pots  in  which  they  had 
been  growing,  the  soil  was  washed  from  the  roots  in  tepid  water,  and 
each  seedling  was  planted  in  a  6-inch  pot  containing  a  healthy  2-year- 
old  plant  of  Gardnia  tiTictoria.      Each  mangosteen  was  planted  ts 
close  to  the  nurse  plant   as  possible  without  destroying  its  roots, 
so  that  inarching  could  be  easily  performed  after  the  mangosteen 
showed  signs  of  recovering  from  any  slight  setback  resulting  from 
its  removal.    The  plants  were  placed  in  a  humid  atmosphere  with 
the  temperature  ranging  from  70°  at  night  to  90°  F.  during  the  day. 
Three  weeks  after  the  seedlings  were  placed  in  the  pots  containing 
their  prospective  stocks  they  showed  a  slight  improvement.     They 
were  then  carefully  inarched,  and  within  six  weeks  the  improved 
appearance  of  all  the  seedlings  indicated  that  successful  unions  bad 
taken  place  (fig.  14).     The  tops  of  the  stock  plants  were  then  remo\-ed. 
The  subsequent  progress  made  by  the  mangosteens  on  nurse  stock 


PROPAGATIMG   THE  MANOOBTEEN.  33 

jis  been  in  many  iiistancea  greater  than  tliat  made  by  seedlings 
aarched  by  the  ordinary  method  (Pi.  VII).  Several  of  these  mango- 
toens  worked  by  the  nurse-plant  method  have  been  sent  to  the 
^anal  2^De  and  are  reported  to  be  doing  well.  The  remaining  ones 
till  in  the  greenhouse  continue  to  make  good  growth,  but  the  stems 
>f  the  stock  plants  flo  not  show  as  much  increase  in  diameter  as  do 
hose  of  the  mangosteens  attached  to  them  (fig.  14). 
In  some  instances  the  roots  of  the  nurse  plants  show  no  appreciable 
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than  4  inches,  previous  to  placing  them  in  the  6-inch  size.  When 
getting  their  final  shift  the  ball  should  be  manipulated  so  that  the 
stem  of  the  seedling  will  be  a  little  to  one  side  so  as  to  make  room 
for  an  empty  3-inch  pot  to  be  placed  in  the  soil  beside  the  stock 
plant  (PI.  VI,  fig.  2,  A),  When  the  stock  plant  is  established  in  the 
soil,  after  perhaps  three  or  four  weeks,  that  is,  when  the  new  roots 
have  had  time  to  develop,  the  empty  3-inch  pot  is  removed  (PI,  VI, 
fig.  1,  B)  and  the  root  of  a  mangosteen  taken  from  a  pot  of  the 
same  dimensions  is  placed  in  the  empty  space  and  the  soil  carefully 
but  firmly  rammed  around  it.  Generous  treatment  will  result  in 
further  development  of  the  root  action  of  both  mangosteen  and 
nurse  stock.  They  are  then  inarched  (PI.  VI,  fig.  1,  (7),  and  when 
the  union  is  satisfactory,  which  will  be  in  about  five  weeks,  the  top 
part  of  the  stock  above  the  inarch  m^-y  be  gradually  removed.  The 
roots  of  both  nurse  plant  and  scion  are  left  undisturbed  because,  if 
the  stock  dies,  the  root  system  of  the  seedling  mangosteen  will  prob- 
ably have  become  strong  enough  to  sustain  the  plant  by  reason  of 
the  assistance  given  to  it  by  the  nurse  plant  during  its  precarious 
stage;  and  if,  on  the  other  hand,  the  roots  of  the  seedling  succumb, 
it  probably  will  be  due  to  the  fact  that  the  stock  is  supplying  enough 
root  action  for  the  mangosteen. 

FUTURE    STAGES   OF   GROWTH. 

It  should  be  distinctlv  understood  that  certaintv  of  success  with 
either  method,  in  so  far  as  it  relates  to  the  future  stages  of  growth 
of  the  mangosteen,  is  by  no  means  guaranteed  when  the  plants  are 
put  in  place  in  the  open.  All  that  it  is  intended  to  claim  is  that  the 
method  is  a  promising  one  on  account  of  the  rapid  progress  made 
by  the  seedlings  after  the  union  takes  place.  The  seedlings  which 
have  been  inarched  have  not  as  yet  had  time  to  make  suflScient 
progress  to  demonstrate  that  they  will  grow  rapidly  on  the  stocks 
used;  but  it  has  been  thought  best  to  make  public  the  discovery 
of  this  method  as  soon  as  possible,  in  order  that  experimenters  may 
try  it  with  a  large  number  of  different  stocks.  The  mangosteen, 
however,  is  well  known  to  be  a  rebellious  subject;  and  beyond  the 
union  of  its  seedlings  with  older  stocks  of  different  species  nothing 
has  been  accomplished. 

PACKING  SEEDS  FOB  SHIPMENT. 

It  has  been  found  that  mangosteen  seeds  received  in  nimierous 
sliipments  from  various  parts  of  tropical  Asia  do  not  retain  their 
vitality  for  any  considerable  length  of  time,  probably  on  account 
of  unsuitable  packing  material  or  of  improper  packing.  Most  of 
the  shipments  have  arrived  without  a  trace  of  life  in  the  seeds,  a 
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condition  due  to  the  packing  material  in  the  tin  mailing  tubes  being 
W)  wet.  Sometimes  the  seeds  arrived  in  dampened  moss  and  saw- 
lust,  mixed  in  equal  parts.  Other  shipments  were  received  packed 
in  each  of  these  materials,  sometimes  wet,  at  other  times  dry;  but 
IS  yet  we  have  never  received  a  successful  shipment  when  these 
materials  were  used,  whether  wet  or  dry.  The  best  shipment  came 
From  Ceylon  a  few  years  ago,  packed  in  comparatively  dry,  powdered 
charcoal.  From  that  particular  shipment  nearly  every  seed  sprouted. 
The  charcoal  when  weighed  immediately  after  the  seeds  were  removed 
and  again  when  sundried,  showed  a  difference  of  less  than  half  an 
ounce  to  the  pound.  It  sometimes  happens  that  the  tin  mailing 
tubes,  frequently  less  than  2  inches. in  diameter,  are  so  placed  en 
route  that  they  are  subjected  to  high  temperatures  and  the  seeds 
are  thus  injured. 

PRELIMINARY  TREATMENT   AND   SOWING   OF  THE   SEEDS. 

The  seeds  should  be  carefully  looked  after  the  moment  they  arrive. 
If  any  of  them  have  made  an  effort  to  germinate  en  route  while  still 
in  the  charcoal,  owing  to  some  of  the  fleshy  part  of  the  fruit  adhering 
to  them  when  they  were  shipped,  they  should  be  handled  with  very 
great  care,  as  the  soft  protruding  parts  are  very  susceptible  to  injury. 
Washing  them  in  tepid  water  will  partly  remove  some  of  the  dele- 
terious matter  surrounding  them.     Before  they  become  dry  they 
should  be  dusted  with  powdered  charcoal  and  immediately  planted 
one  at  a  time  in  a  flat  of  leaf  soil  made  quite  firm.    The  germinating 
medium  may  be  prepared   beforehand  when  a  shipment  of  seeds 
is  expected.     It  should  not   be  gathered  promiscuously  from  the 
woods,  as  it  is  then  liable  to  contain  deleterious  matter.     Beech 
leaves  about  a  year  old,  chopped  very  fine,  with  a  small  quantity 
of  rough-grained  sand  and  a  little  charcoal  added,  will  give  a  very 
satisfactory  germinating  medium.     When  the  seeds  have  begun  to 
sprout  en  route,  they  should  not  be  pressed  into  the  material^  but 
each  one  should  be  arranged  with  the  sprouted  part  occupying  a 
slight  depression  on  the  surface  of  the  soil  and  covered  with  half  an 
inch  of  the  material.     The  leaf  soil  should  be  placed  in  a  wooden  flat 
and  the  top  of  the  box  covered  with  panes  of  glass,  so  that  a  humid 
atmosphere  may  be  constantly  maintained.    The  temperature  of 
the  greenhouse  should  range  from  75°  F.  at  night  to  much  higher 
in  the  daytime  and  the  seed  box  should  be  protected  from  direct 
sunlight. 

The  seedlings  will  thrive  in  the  seed  flat  until  they  are  about  2^ 
iiiches  above  the  surface.  They  may  then  be  potted  off  singly  in  2^- 
mch  or  3-inch  pots,  with  good  drainage.  In  potting,  material  should 
^  used  similar  to  that  recommended  for  germination,  with  a  very 
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small  quantity  of  mellow  loam  added.  Coconut  fiber  or  even  thor- 
oughly rott«d  wood  may  be  mixed  with  it,  care  being  taken  that  h 
is  free  from  fleleterious  fungi.  If  leaf  soil  is  not  available,  coconni 
fiber  is  very  good,  but  great  care  is  necessary  in  watering,  as  the  fibw 
holds  water  like  a  sponge.  Thus  a  5-inch  pot  will  hold  6  ounce 
of  dry  fiber  when  firmly  pressed  down,  but  twenty-four  hours  after 
being  saturated  the  fiber  will  weigh  19  ounces.  It  not  only  btAis 
more  water  than  most  other  substances,  but  it  holds  it  longer,  anc 
it  is  this  peculiarity  which  makes  it  one  of  the  best  media  for  ger- 
minating purposes,  that  is,  provided  the  attendant  is  abie  to  judgf 
accurately  of  its  water  content. 


Frs.  15.— OrouporiDsrched  Iltcbl  plants;  alsasenlllag  Utchl  ilocla  pnpucd  lor  Inaichlae. 

PSOPAaATINO  VAKIETIBS  OF  LITCHI  BT  THE  SEEDUNO-IN-ABCH 
UETHOD. 

Plants  of  one  of  tlie  finer  varieties  of  htciii  (Litchi  chinfTtsis)  were 
obtained  from  China  two  years  ago.  Tliey  are  said  to  be  propagated 
in  that  country  partly  by  layering  and  partly  by  notching  large 
branches,  and  covering  the  wounds  with  a  quantity  of  soil  kept  moist. 
When  roots  are  at  length  produced,  the  branches  are  removed  from 
the  tree,  trimmed,  and  put  in  receptacles  until  time  for  planting;  but 
during  the  period  of  propagation  the  percentage  of  loss  is  said  to  be 
large.  The  propagation  of  these  plants  by  the  seedling-inarch  method 
has  been  very  successful  (fig.  15).  The  Chinese,  or  litchi,  nuts,  as 
they  are  called -(PI.  IX),  offered  for  sale  in  the  fruit  stores  of  thw 
country  are  dried  previous  to  their  importation  and  therefore  are 
useless  for  the  purpose  of  raising  young  plants.  The  Office  of  For- 
eign Seed  and  Plant  Introduction  of  the  Bureau  of  Plant  Industry 
obtained  a  small  consignment  of  untreated  litchi  seeds  from  Chins  ' 
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l>oxit  eighteen  months  ago,  all  of  which  germinated.  The  plants 
n.\xs  obtained  proved  to  be  the  best  stocks  to  use.  Young  branches 
f  tlie  improved  variety  of  the  litchi  were  inarched  on  these  seed- 
Jigs,  every  one  making  a  very  successful  union.  They  were  sub- 
eqviently  distributed.  Many  hundreds  of  plants  could  be  propa- 
^t*ed  annually  from  the  plants  of  this  variety  of  the  litchi  now  in 
.lie  greenhouse  if  seedling  litchi  stocks  were  available  for  inarching. 
rixe  next  best  stock  is  the  longan  (Euphoria  longan),  but  while 
the  unions  are  fairly  successful  on  this  species,  they  are  slower  than 
nritli  the  htchi  stocks. 

Tlie  litchi  as  a  fruit-producing  plant  is  at  its  best  in  China  when 
groiwrji  in  comparatively  wet  groimd  and  in  soil  consisting  largely  of 
decomposed  vegetable  matter.     It  probably  would  succeed  admira- 
bly in  the  Everglades  of  Florida  in  places  where  there  is  little  Uke- 
lihood  of  exposure  to  a  tenlperature  lower  than  30°  F.     In  Califor- 
nia the  tree  does  not  look  happy,  but  all  of  those  recently  seen  by 
the  writer  were  in  dry,  loamy  soil.     The  Canal  Zone  and  Porto  Rico 
vnll  probably  prove  congenial  homes  for  this  fruit  tree.     The  fruits 
sent  to  the  United  States  are  not  of  the  best  varieties,  being  small, 
seldom  more  than  an  inch  in  diameter.    The  finer  varieties  are  said 
to  bear  much  larger  fruit. 

The  method  of  propagation  in  its  essential  features  is  like  that 
described  for  the  mango  (p.  14).    The  seedlings  to  be  used  as  stocks 
are  taken  from  3-inch  pots,  the  soil  on  the  upper  part  of  the  ball 
removed,  and  a  large  handful  of  coconut  fiber  seciu^ed  around  the 
roots  by  wrapping  in  a  piece  of  sacking  about  8  inches  square.     These 
seedling  stocks  are  fastened  to  the  stout  branches  of  the  parent  litchi 
or  to  stakes  set  in  the  soil  of  the  pot.     The  branchlets  are  then 
inarched  to  the  seedlings  and  tied  with  raffia,  and  the  parts  to  be 
united  are  covered  with  clay.     During  the  few  weeks  occupied  in 
uniting,  the  roots  of  the  seedlings  make  rapid  headway  in  the  coco- 
nut fiber.     The  unions  are  invariably  good  when  seedlings  of  the 
same  species  are  used.     If  the  compound  leaves  on  the  scion  are  large 
it  is  advisable  to  trim  them  back  slightly  before  severing  the  inarch 
from  the  parent  tree.    After  severing,  the  inarched  plants  may  be 
potted  and  placed  in  a  close  frame  in  the  greenhouse,  or  they  may  be 
put  in  shallow  boxes  and  the  roots  covered  with  coconut  fiber,  the 
atmosphere  being  kept  moist.     The  sacking  should  not  be  removed, 
because,  when  the  scions  have  united,  the  white  roots  of  the  seed- 
lings will  be  foimd  to  have  pierced  the  covering,  so  that  to  remove 
this  sacking  would  necessarily  injure  the  roots.    The  balls  should  be 
put  in  5-inch  or  6-inch  pots,  as  may  be  necessary;  the  soil  should 
consist  mainly  of  decomposed  leaves. 

It  is  a  peculiarity  of  the  Utchi  that  it  makes  several  flushes  or 
growths  in  a  season;  therefore,  material  for  propagation  is  abundant 
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even  in  a  small  tree.    Seedling  stocks  have  been  used  when  the  steins  . 
were  not  over  one-eighth  of  an  inch  in  diameter  and  from  that  to  one- 
fourth  of  an  inch,  the  latter  thickness  giving  the  best  results. 

PBOPAGATINa  THE  BAHBUTAK. 

The  rambutan  (Nephelium  lappa4^eum) ,  said  by  some  of  the  inhab- 
itants of  Java  and  elsewhere  to  produce  a  fruit  even  more  delicious 
than  that  of  the  mangosteen^  is  amenable  to  rapid  propagation  if 
the  young  shoots  are  united  to  seedling  stocks  of  the  longan  {Eupho- 
ria longan) .  It  is  thought  that  the  Canal  Zone  will  supply  the  nec- 
essary conditions  for  the  successful  cultivation  of  this  tree.  It  b 
said  that  there  are  several  varieties,  and  if  it  is  possible  to  import 
vegetatively  propagated  plants  of  these  varieties  successfully,  as  was 
done  with  the  litchi,  their  rapid  multipUcation  in  this  coimtry  will  be 
assured. 

STJMMABY. 

It  will  be  observed  from  the  foregoing  descriptions  of  the  improved 
methods  of  propagating  the  mango,  the  mangosteen,  and  the  litchi 
that  practically  the  same  method  is  employed  with  each;  the  uniting 
of  a  comparatively  young  seedling  with  a  shoot  of  an  approved  vari- 
ety of  mango;  the  uniting  of  mangosteen  seedlings  with  differ^t 
species  of  the  genus  to  which  the  mangosteen  belongs,  and  even  with 
species  of  different  genera  of  the  same  family;  and  the  uniting  of 
shoots  of  approved  varieties  of  Utchi  with  seedling  stocks  or  with 
seedlings  of  other  species  of  the  same  genus. 

Seedlings  not  more  than  a  few  months  old  are  always  used.  The 
mango  and  litchi  seedlings  are  used  as  stocks  only,  but  the  mango- 
steen seedlings  are  used  as  scions. 

The  operation  with  each  kind  of  plant  is  a  decided  success.  The 
method  is  so  simple  that  it  can  be  used  by  a  person  having  no  previ- 
ous experience  in  the  propagation  of  plants.  It  saves  much  of  the 
time  necessarily  spent  with  the  older  methods.  The  worked  plants 
are  healthier  and  the  operation  is  many  times  cheaper  than  the  older 
methods. 
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DBSCBIPTION  OF  PLATES. 

Plate  I.  Fig.  1. — Australian  finger  lime  {Citrus  aiislralanea)  inarched  on  lemon  EUid 
when  a  5-week6-old  seedling;  shown  in  text  figures  5  and  6.     In  beazing  3ilt 
two  years  after  the  germination  of  the  seed .    The  fruits  are  the  result  of  crQa&-pQlU- 
nation  with  the  so-called  Panama  orange.    Fig.  2. — Crossed  seedling  of  Austnliidi 
finger  lime  and  the  Panama  orange,  grown  from  seed  of  fruit  shown  in  figuie  1. 
One  of  13  seedlings  showing  hybrid  charactere  in  increased  size  of  leaveB  a:^: 
slightly  winged  and  elongated  petioles.    This  seedling  was  inarched  three  veeb 
after  germination  to  a  2-year-old  lemon  stock.    The  top  of  the  stock  plant  ha 
been  removed  and  the  root  of  the  seedling  is  ready  to  be  severed.     Time  taken  *j» 
form  union,  three  weeks. 

Plate  II. — Germination  of  mango.  Seed  with  8  sprouts,  six  weeks  after  pUntir^ 
The  two  strongest  eproute  should  be  selected  for  stocks  and  potted,  the  otli?ss 
discarded. 

Plate  III.  Fig.  1. — Mango  seedling  stock  fastened  to  branch  of  tree  of  an  approTed 
variety,  ready  for  inarching.  The  cuts  in  scion  and  stock  are  shown  at  A  and  B. 
Fig.  2. — Mango  seedling  with  scion  of  approved  variety  tied  in  position.  If  con- 
ditions are  favorable,  a  union  will  be  effected  in  about  thirty  days. 

Plate  IY.  Fig.  1. — Inarched  mango.  The  top  of  the  seedling  stock  above  the  uaion 
has  been  gradually  removed,  and  the  shoot  of  the  approved  variety  has  also  be^n 
gradually  severed  from  the  parent  tree.  Fig.  2. — Inarched  mango  in  5-inc2i  pC'l 
The  sacking  inclosing  the  roots  is  carefully  removed  unless  the  roots  show  out^iie 
the  sacking,  in  which  case  the  ball  is  placed  in  a  5-inch  pot  and  fresh  soil  ramm^ 
firmly  between  the  ball  and  side  of  the  pot. 

Plate  V.  Fig.  1. — Mulgoba  mango  growing  at  Mangonia,  Fla.  This  is  the  origiitJ 
tree  of  this  variety  introduced  into  Florida  by  the  Department  of  Agricufture 
in  1S89.  This  tree  having  numerous  branches  near  the  ground  shows  how  es^y  it 
would  be  to  inarch  a  very  large  number  of  shoots  by  the  method  here  described. 
Fig.  2. — Bench  of  newly  inarched  mangos.  After  potting  they  are  shaded  from 
the  sun  and  the  atmosphere  kept  humid  for  a  few  days. 

Plate  VI.  Fig.  1. — Sickly  mangosteen  restored  to  health  by  inarching^  on  Gioeink 
tinctoria.  The  original  stem  of  the  seedling,  which  had  lost  its  upper  leaTfi 
before  being  inarched,  is  shown  at  A.  After  the  union  took  place  both  of  tbe 
lateral  shoots  seen  in  the  illustration  developed  and  the  top  of  the  seedling  died. 
The  plant  afterwards  made  fine  growth.  Fig.  2. — Inarching  the  mangosteen  bf 
the  nurse-plant  method,  showing  empty  3-inch  pot  inserted  in  soil  when  pottifig- 
Empty  pot  removed,  leaving  space  for  root  of  seedling  from  a  3-inch  pot.  Roct 
of  seedling  mangosteen  from  3-inch  pot  inserted  in  space  pro^dded  for  it  ind 
inarched  to  nurse  stock  plant  of  Platonia  insignis. 

Plate  VII.  The  nurse-plant  system  of  propagating  the  mangosteen.  The  seedfiog 
was  inarched  to  a  plant  of  Garcinia  tinctoria  when  the  former  was  about  3  inditt 
high  and  in  a  sickly  condition.  The  roots  of  both  stock  and  scion  are  deyelffp- 
ing  satisfactorily.    The  plant  represented  was  taken  from  a  6-inch  pot. 

Plate  VIII.  Fig.  1. — Inarched  mangosteen  reestablishing  its  own  root  system,  ^i 
scar  showing  where  it  was  inarched  to  a  seedling  of  Garcinia  tinctoria;  B,  poin^ 
showing  where  the  new  root  formed  some  time  after  the  union  took  place  preiioua 
to  the  rejection  of  the  stock.  Fig.  2.— Mangosteen  developing  a  large  root  after 
it  had  been  inarched  to  another  species  of  Garcinia.  The  stock  in  this  instance 
shows  no  signs  of  decay. 

Plate  IX.  Fruiting  branch  of  litchi  (lAtchi  chinensis).    Two-thirds  natural  nie. 
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R  THE  GiRMINATION 


Fm.  2.— Citrus  Australasic*  x  C.  mitis,  Grown  from  Fruit  Shown  in  Figure  1. 


Mango  Seed  with  Eight  Sprouts. 
(One-hulf  natantl  r-iiv.) 


FiQ.  2.— Mango  Seedling  aho  Scion  in  Place. 


Fw.  1.— Ikarcmed  M*nqo  After  Being  Severed  from  Parent  Thee. 


FiQ.  2.— Newly  Inarched  Manoo  in  Pot. 
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Plate  V. 


Fig.  1.— Mulqoba  Manqo  Growing  at  Mangonia,  Fla. 


Fig.  2.— Bench  of  Newly  Inarched  Mangos. 


FiQ.  1.— acKLv  Manqosteen  Restoaed  to  Health  bv  Inarchino. 


Fio.  2.— Imarchinq  the  Manoosteen  by  the  Nurse-Plant  Method. 


Manoosteen  SEEOLiNa  Inarched  to  Garcini 

(Mucli  leducGd.) 


TiNOToniA,  Nurse  Plant. 
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Fruiting  Branch  of  the  Litchi  (LiTCHt 
(Two-thlrd9  nnlunil  Mze. ) 


42  SEEDLING-INARCH  AND  NUBSE-PLANT  PROPAGATION. 

Pioe. 

Litchi,  application  of  seedling-inarch  method  of  propagation 11 ,  32. 36-38, 40 

soil  and  other  requirements  for  successful  growth 37 

chinensis.    See  Litchi. 

Manetti,  use  as  rose  stocks 9»  11 

Mango,  cost  of  propagation  by  inarching 10 

cultivation,  delay  caused  by  usual  methods  of  propagation 10-11 

Mulgoba,  original  tree  introduced  into  Florida 40 

propagation  by  the  seedling-inarch  method 14-23, 3S,40 

selecting  and  preparing  the  seeds 14-13 

soil  for  sprouting  the  seeds 15 

treatment  before  severing  from  parent  tree 21 

varieties,  testing  in  Florida 22-23 

Mangoeteen,  care  of  seedlings  in  pots 26 

difficulty  in  growing  from  seeds 25-26 

experiments  at  Panama 24, 33 

growing  seedling  stocks 29 

inarched,  reestablishing  its  own  root  system 31-32, 40 

method  of  manipulation  in  propagation 30, 40 

plants  used  as  stocks 27-21 

propagation  by  seedling-inarch  and  nurse-plant  methods 10, 

11,23-36,38,40 

root  system  compared  with  other  species  of  Garcin  ia 26 

temperature  needed  for  germinating  seeds 35 

treatment  after  union  has  been  effected 31, 34 

Method,  seedling-inarch,  applicable  to  new  plant  introductions 14 

Moss,  sphagnum,  use  in  process  of  inarching 17,  tu 

Nephelium  lappaceum.    See  Rambutan. 

Nurse-plant  system  of  propagation.    See  Propagation  by  nurse-plant  methcKl. 

Orange,  Panama,  propagation  of  hybrid  on  lemon  stock 10, 4l» 

Panama  Canal  Zone.    See  Mangosteen,  experiments  at  Panama, 
orange.    See  Orange,  Panama. 

Philippines,  source  of  promising  mangosteen  stocks 29 

Plants,  stock,  for  mangosteen.    See  Mangosteen,  plants  used  as  stoc^ks. 

Plates,  description 40 

Platonia  insignis,  use  as  stock  for  the  mangosteen 28,40 

Propagation  by  asexual  methods 9, 10-1 1, 23, 38 

budding  method 10, 11, 14 

grafting 14,27 

nurse-plant  method 9-11, 30, 31, 32-^54, 38,40 

seedling-inarch  method 9-1 1, 38, 40 

Raffia,  use  in  process  of  inarching 30, 37 

Rambutan,  amenable  to  propagation  by  seedling-inarch  method 3S 

Rose,  propagation  by  use  of  manetti  stocks 9, 11 

Roots,  aerial,  development  by  inarched  seedlings 31-32, 40 

Sacking  cloth.    See  Burlap. 

Scions,  use  in  propagating  the  mangosteen 24, 38, 40 

Seedlings,  age  for  use  in  propagation 10, 27, 88 

litchi,  inarched,  reestablishment  of  root  systems 32 

mango,  preparation  previous  to  inarching 16-17 

mangosteen,  care  while  growing  in  pots 26 

condition  of  the  wood  during  growth 27 

inarched,  reestablishment  of  root  systema 31-32, 40 

preparation  for  inarching 29>S0 
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^edlings,  poBition -wYien  potted 12,16 

pTepaialiou  previous  to  inarching 11-13, 1^17, 2^-30, 40 

wee,  inarched  on  manetti  stocks 9, 11-13 

treatment  after  unsuccessful  attempt  to  inarch 14 

use  as  scions  and  as  stocks  in  propagation 24, 38, 40 

ieeds,  mango,  selecting  and  preparing 14-15 

soil  for  sprouting 15 

inangosteen,  germinating  medium 35 

packing  for  shipment 34-35 

preliminary  treatment  and  sowing 35-36 

Sliipment  by  mail,  sending  of  plants  and  seeds 22, 34-35 

Soil ,  h&mmock,  use  in  process  of  inarching 17, 21 

medium  for  germinating  mango  seeds 15 

Staging  for  supporting  plants  during  process  of  inarching 11, 17, 20 

Stocks,  Garcinia,  seedling,  method  of  growing 29 

mango,  growth  of  seedlings 15-16 

watering  seedlings  while  uniting 20 

Etemmary  of  bulletin 38 

Time,  saving  accomplished  by  use  of  seedling-inarch  and  nurse-plant  methods 

of  propagation 9, 10, 11, 23, 38 

'Woodrow,  G.  M. ,  on  methods  of  propagating  the  mangosteen 24 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Ageiculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
WashingtoUy  D.  C.y  September  HI,  1910. 

:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  *'The 
Dciportance  and  Improvement  of  the  Grain  Sorghums,''  by  Mr. 
Jarleton  R.  BaU,  Agronomist  in  Charge  of  Grain-Sorghum  Investiga- 
ioius,  and  recommend  its  pubUcation  as  Bulletin  No.  203  of  the 
eries  of  this  Bureau.  This  paper  presents  the  best  known  methods 
f  improvmg  these  crops,  both  at  experimental  stations  and  on  the 
arms  where  they  are  grown.  The  value  of  the  grain  for  feeding 
tock  and  poultry  is  shown,  and  the  acreage,  yields,  and  acre  values  of 
hese  crops  are  recorded  so  far  as  data  are  available.  The  facts  pre- 
ented  are  the  result  of  four  years  of  work  in  the  Office  of  Grain 
ji^estigations. 

The  areas  devoted  to  grain  sorghums  in  the  dry  regions  of  the 
louthwest  are  rapidly  increasing.  Their  earliness,  productive 
K)w^er,  and  strong  drought  resistance  especially  adapt  them  to  semi- 
flrid  conditions.  The  importance  of  these  crops,  however,  is  even 
;reater  than  can  be  measured  in  terms  of  increased  acreage.  They 
ire  not  only  staple  crops,  but  in  many  places  they  are  the  chief 
lep^endence  of  the  new  settler,  and  their  success  or  failure  determines 
tt$  ability  to  become  established. 

Respectfully,  Wm.  A.  Taylor, 

Acting  Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 


1 


CONTENTS 


Page. 

troduction 7 

le  grain-soighum  belt 8 

Boundaries 8 

Surface  features 9 

Soils  and  plant  covering 9 

Climate 9 

Agricultiiral  development 10 

ttportance  of  the  grain-sorghum,  crop 10 

History  of  the  varieties 10 

Adaptations  to  the  gndn-sorghum  belt 12 

Uses  of  the  grain 12 

Stock  feed 12 

Poultry  feed 15 

Human  food 16 

Statistics  of  acreage,  yield,  and  value 16 

Scope  of  data 16 

Total  grain-sorghum  crops  in  Kansas  and  Oklahoma 16 

Kafir,  milo,  and  com  crops  in  Kansas  and  Oklahoma 18 

Summary  of  the  values  of  grain  sorghum  and  com  in  Kansas  and  Okla- 
homa   20 

Dproving  the  grain  soi^hxuns 20 

Drought  resistance 21 

Earliness t 22 

Advantages  to  be  gained 22 

Eiarly  varieties 23 

Early  crops  and  early  seasonal  rainfall 25 

Selecting  for  earliness 26 

I>warf  stature 27 

Productiveness 28 

Outline  of  the  problem 28 

Better  yielding  varieties 29 

Methods  of  selection 29 

Desirable  forms  of  heads 30 

Well-filled  heads 30 

Fully  exserted  heads 31 

Laiige  heads 31 

Average  weight  of  heads 31 

Percentage  of  grain  in  total  plant 31 

Freedom  from  suckers  and  branches 33 

Plant  habits 33 

Suckers 33 

Branches 34 

203 

5 


8  lUPOBTANCB   AND   niPBOVEUENT   OF   QBAIH   SOBOHCXS. 

THE   aHAIN-BOBOHtlK  BELT. 


BOUNDABIES. 


I  the  southern  half  of 


The  grain  sorghums  are  most  largely  grown 
the  Great  Plains  region  (fig,  1). 

Broadly  speaking,  this  region  includes  the  plain  lying  betweeo  Oh 
ninety-eighth  meridian  of  longitude  and  the  Rocky  Mountains.   The 
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Fig.  1.  -Map  of  Ihe  Gr«a(  Plalu  neo,  showing  the  umual  and  tbo  Msauttl  nlnlsll. 

southern  half  of  it  may  be  said  to  include  the  area  between  the  north- 
ern boundary  of  Kansas  and  the  Mexican  border,  although  the 
extreme  southern  part  of  western  Texas  does  not  belong  to  the  Gre«t 
Plains  pn)per.     The  area  thus  bounded  takes  in  the  western  htH  "^ 
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!^uisas,  the  western  third  of  Oklahoma,  the  western  half  of  Texas, 
lid  all  those  portions  of  Colorado  and  New  Mexico  that  lie  east  of  the 
.ooky  Mountains.  In  round  numbers  the  area  is  400  miles  wide  and 
rOOO  miles  long.  So  important  are  these  crops  in  this  area  that  it 
iSLy  well  be  called  the  ''grain-sorghum  belt." 

SURFACE   FEATURES. 

T*he  surface  of  the  area  just  outlined  is  in  general  a  gently  rolling 
lain,  sloping  steadily  eastward  from  an  elevation  of  4,000  to  5,000 
3et  at  the  base  of  the  Rocky  Mountains  to  an  average  elevation  of 
,000  to  1,500  feet  at  the  ninety-eighth  meridian.  The  highest  point 
n  these  plains  is  not  at  the  base  of  the  mountains,  but  some  distance 
ast>  of  them,  in  Elbert  and  El  Paso  counties,  Colorado,  where  the 
Ititude  increases  to  nearly  or  quite  6,500  feet.  While  the  main 
lope  is  toward  the  east,  there  is  also  a  secondary  slope  to  the  north 
jid  south  from  this  high  area  in  Colorado.  Looked  at  from  above 
he  surface  of  the  whole  Great  Plains  region  may  be  compared  in 
outline  to  half  of  an  inverted  saucer,  the  rim  Ijdng  toward  the  east. 

SOILS   AND   PLANT   COVERING. 

The  soils  of  this  region  vary  from  the  dark  clays  of  the  central  Pan- 
landle  and  the  red  clays  of  western  Oklahoma,  through  sandy  loams 
'ound  in  various  pai'ts  of  the  region  to  very  sandy  soils,  such  as  char- 
icterize  the  sand-hill  countrv  of  Kansas  and  Colorado. 

The  plant  covering  of  the  loams  and  clays  is  mostly  a  dense  sod  of 
[>uffaIo  grass  and  blue  grama  mixed.  In  southwest  Texas  the  buffalo 
p:ass  gives  place  to  the  curly  mesquite,  or  running  mesquite,  as  it  is 
3ften  called  (HUaria  cenchroides).  On  the  more  sandy  soils  taller 
ind  more  bunchy  grasses  prevail,  such  as  the  bluestems  (Andropogon 
frovincialiSjA.sco'parius,  A.sdccharovdes,  etc.).  In  much  of  western 
Texas  the  plains  have  been  largely  covered  by  a  more  or  less  dense 
growth  of  the  mesquite  tree  (Prosopis).  In  southern  Texas  this  be- 
comes a  large  tree,  but  as  it  ascends  to  the  higher  plains  its  size  dimui- 
ishes  until  in  the  upper  Panhandle  it  is  only  a  low  shrub  or  bush. 

CLIMATE. 

What  really  separates  the  so-called  Great  Plains  region  from  the 
country  lying  immediately  east  of  it  is,  primarily,  not  differences  in 
either  elevation  or  soil,  but  the  lower  rainfall  and  higher  evaporation 
of  moisture.  The  average  annual  rainfall  for  the  grain-sorghum  belt, 
as  defined  above,  is  about  20  inches,  of  which  more  than  half  comes 
in  the  months  of  April  to  September,  inclusive.  (See  fig.  1.)  The 
summer  temperature  is  fairly  high,  and  this,  with  the  steady  breeze 
which  prevails  over  much  of  this  area,  makes  evaporation  rapid  and 
continuous. 
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10  IMPOBTANCE  AND  IMPROVEMENT  OF   GBAIN  SORGHUMS. 

All  crops  to  be  suitable  for  use  in  this  area  must  have  tlie  abi&tj 
either  to  withatand  or  to  escape  drought  in  one  way  or  anodur. 
Dry,  hot  winds  occasionally  occur  in  some  parts  of  the  region,  oftcft 
quickly  and  completely  destroying  all  tender  regetation.  At  tke 
higher  elevations  and  in  the  northern  part  generally  the  setson  is 
comparatively  short  and  early  varieties  must  be  used,  because  lite 
spring  frosts  occur  and  the  first  frosts  of  autumn  come  rather  etfly. 

AORICITLTURAL  DEVELOPMENT. 

The  process  of  dividing  the  great  cattle  ranges  and  selling  them  for 
farms  is  going  on  steadily.  Wherever  government  land  remaiw 
homesteads  are  being  taken  up.  In  the  past  few  years  the  settlement 
of  this  dry  country  has  been  rapid.  Rapid  settlement  may  be  iear- 
able;  it  is  much  more  important,  however,  that  it  be  permanent. 
This  has  not  always  been  the  case. 

No  one  may  say  with  certainty  just  what  the  future  of  this  southern 
Great  Plains  region  is  to  be.  It  gives  promise  of  becoming  a  second 
great  feeding  belt,  similar  to  the  corn  belt.  Nothing  better  could  be 
wished  than  that  it  should  grow  live  stock  and  the  crops  to  feed  them. 
Under  such  a  system  of  farming  this  area  would  produce  much  more 
live  stock  than  it  ever  did  or  could  under  the  ranch  and  range  system. 
If  it  should  raise  a  money  crop  in  addition,  so  much  the  better.  This 
might  be  cotton  in  the  southern  part,  winter  wheat  in  the  central,  and 
spring  wheat  in  the  northern  part,  with  broom  com  and  other  nunor 
crops  in  diflFerent  parts.  The  area  is  admirably  adapted  to  the  grow- 
ing of  both  the  stock  and  the  necessary  feeding  crops.  These  crops 
will  be  corn  in  the  regions  of  lower  altitude  and  greater  rainfall  and 
grain  sorghums  in  the  higher  and  drier  parts. 

IMPOBTANCE  OF  THE  QBAIN-SOBOHUIC  GBOP. 

The  following  paragraphs  cover  briefly  the  history  of  the  gr^ 
sorghums  in  the  United  States,  the  general  conditions  to  which  they 
are  adapted,  and  some  statistics  of  their  acreage,  yield,  and  value. 

HISTORY  OF  THE  VARIETIES. 

It  is  only  thirty-five  years  since  the  first  grain  sorghums  (fig*  -) 
were  introduced  into  the  United  States.  It  is  onlv  twenty  ye*^ 
since  any  of  them  have  become  crops  of  recognized  importaDce. 
Although  grain-producing  varieties  had  probably  been  introduced 
from  time  to  time  since  early  colonial  days  none  had  persisted  in 
cultivation. 

The  first  permanent  introductions  were  the  two  durras,  Brown 
lurra  and  Wliite  durra,  which  reached  California  in  1874  under  tw 
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lames,  "Bro»ii  Egj-ptian  <'om"  and  "White  Egyptian  corn,"  The 
rfiite  variety  ha<l  two  periods  of  popularity  in  the  Great  Plains  area, 
irst,  in  the  early  eighties,  under  the  name  "Rice  com,"  and  again, 
en  years  later,  under  the  name  "Jerusalem  com."  Both  varieties 
ire  still  gro\v-n,  but  only  to  a  lilnited  extent  owing  to  (heir  shattering 
ubit. 

Two  varieties  of  kafir,  the  White  and  the  Red,  were  brought  from 
South  Africa  in  1876.  They  did  not  get  into  general  cultivation  here 
mtil  about  1 890,  fourteen  years  later.    The  Blackhull  kafir  appeared 

1^ 
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soon  after,  but  whether  it  wa.4  a  part  (»f  the  original  importation  or 
»as  a  later  introduction  will  probably  never  be  known.  The  original 
IfUte  kafir  is  rarely  found  in  cultivation  to-day,  but  the  Red  and  the 
Blackliull  are  important  crops, 

Milo  was  first  introduced  into  South  Carolina  or  Georgia  about  the 
y«r  18S5,  but  did  not  come  into  general  notice  until  about  1S90,  when 
rthwi  become  a  staple  crop  in  parts  of  western  Texas. 


12  IMPORTANCE  AND  IMPBOVEMENT  OF   OBAIN  SOBGHUMS. 

The  kowliangs  have  been  coming  from  China  and  Manchuria  sisn 
1901.  Most  of  them  have  required  considerable  selection  to  make 
them  suitable  for  use  as  grain  crops.  None  of  them  has  been  k»g 
enough  in  the  hands  of  farmers  to  be  considered  a  farm  crop. 

In  the  brief  space  of  twenty  years,  however,  the  milos  and  hfiis 
have  greatly  increased  in  importance.  They  are  now  grown  as  staple 
farm  crops  on  a  large  scale  over  a  considerable  area  of  the  West. 

ADAPTATIONS  TO  THE   QRAIN-SOROHUM   BELT. 

It  is  in  the  western  region  previously  described  that  the  grain  8o^ 
ghmns  prove  themselves  most  completely  at  home.  They  are  hm 
not  only  staple  crops,  but  they  are  often  the  chief  dependence  of  the 
new  settler,  because  they  may  be  grown  as  sod  crops.  By  home- 
steaders with  small  means  and  limited  equipment,  they  can  be  dieaplj 
planted  on  breaking.  They  are  often  planted,  cultivated,  har7este<l. 
and  even  thrashed  by  hand  under  such  circumstances. 

When  these  crops  were  first  introduced  they  were  tried  in  various 
parts  of  the  United  States.    One  after  another  they  wwe  found 
tmsxiited  to  the  conditions  in  most  of  the  country  and  were  discarded,  j 
But  out  on  the  Great  Plains  they  grew  in  favor  with  the  fanner  I 
because  they  were  able  to  stand  the  prevailing  conditions.    They  wf 
able  to  grow  and  make  profitable  yields  in  hotter,  drier  climates  than  ; 
most  crops.     Some  of  them  are  early  enough  for  use  at  comparatiTdy 
high  elevations.    They  are  all  cultivated  crops,  entering  readily  mto  , 
the  rotation  with  small  grains.     They  furnish  the  feeding  ff^ 
required  on  the  farm,  also  some  roughness,  and  occasionally  both  fu«  \ 
and  food  in  addition.    The  sm'plus  can  always  be  sold  at  fair  to  good 
prices.    When  grown  on  a  large  scale  they  are  handled  rapidly  and  i 
profitably  by  machinery  in  every  necessary  operation  from  seeding  to 
milling.     They  are  tmdoubtedly  suited  to  become  the  basis  of  a  cattle- 
feeding  industry  that  will  make  the  Great  Plains  farmer  prosperous.  ; 

i 

USES  OF  THE   GRAIN. 
STOCK  FBED. 

Primarily  these  grains  are  and  ought  to  be  useful  in  feeding  stock 
on  the  farms  where  they  are  grown.  This  fact  accords  with  the  his- 
tory of  these  crops  and  is  due  to  their  adaptations  for  such  use 
They  were  the  principal  crops  of  the  early  settler  in  the  dry-land  areas 
of  the  southern  Great  Plains  region.  He  not  only  needed  a  feedii^ 
grain  but  was  often  too  far  from  market  to  sell  it  profitably  if  he  had 
wished. 

The  value  of  the  grain  for  keeping  work  stock,  growing  animals,  aJ^d 
dairy  cows  in  excellent  condition  has  long  been  recognized  among  A® 
^wers.    The  knowledge  of  its  value  in  fattening  cattle  and  hogs'^' 
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market  is  increasing.  A  number  of  experiments  to  determine  the 
feeding  value  have  been  conducted  at  the  agricultural  experiment 
stations  of  Kansas,*  Oklahoma,**  and  Texas.*  In  many  of  these 
trials  the  BlackhuU-kafir  grain,  which  was  most  generally  used,  was 
shown  to  have  a  feeding  value  little  below  that  of  com. 

Table  I  shows  the  average  chemical  composition  of  a  large  number 
of  samples  of  grain  sorghums.  In  order  to  show  the  range  of  varia- 
tion in  composition,  the  minimum  and  maximum  percentages  found 
are  given  also.  The  analyses  of  the  grain  sorghmns  were  made  by 
I>r.  J.  S.  Chamberlain,  of  the  Bureau  of  Chemistry,  in  cooperation 
witli  the  Office  of  Grain  Investigations  of  the  Bureau  of  Plant  In- 
dustry. For  comparison,  the  minimum,  maximum,  and  average 
percentages  found  in  208  analyses  of  com  kernels  are  reprinted  from 
Bulletin  11  of  the  Office  of  Experiment  Stations. 

The  average  analyses  of  all  the  grain-sorghum  samples  and  all  the 
com  samples  are  fairly  comparable.  The  49  grain-sorghum  samples 
were  grown  in  1905,  1906,  and  1907,  mostly  in  the  Great  Plains 
area.  The  208  com  samples  were  grown  in  many  different  States 
and  years.  The  average  composition  of  10  grain-sorghum  samples 
and  of  12  corn  sampled  grown  at  different  times  and  places,  deter- 
mined by  Doctor  Chamberlain,  and  reprinted  from  Bulletin  120  of  the 
Bureau  of  Chemistry,  is  also  included  in  the  table.  From  these 
figures  and  from  others  based  on  fewer  analyses,  but  covering  both 
crops  grown  under  similar  conditions,  it  is  known  that  they  are  not 
very  different  in  composition.  In  general,  the  grain-sorghum  kernels 
average  a  Uttle  liigher  than  corn  in  protein  content  and  a  little  lower 
in  ether  extract,  or  fat,  and  in  fiber.  The  range  of  variation  in  the 
protein  content,  from  7.93  to  16.63  per  cent,  indicates  that  high-protein 
varieties  and  strains  can  probably  be  readily  developed  by  selecting 
for  this  quaUty. 


<>  Bulletin  56,  Kansas  Agricultural  Experiment  Station. 

<>  Biilletins  35,  37,  and  46,  Oklahoma  Agricultural  Experiment  Station. 

c  Bulletins  95,  97,  104,  and  110,  Texas  Agricultural  Experiment  Station;  also  an 
imnumbered  circular  of  the  Texas  Agricultural  Experiment  Station  entitled  "Pan- 
handle Feeds  for  Beef  Production." 
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Table  I. — Comp(mtion  of  graxn-wrghwn  iemeU  and  com  hemd: 


Crop  and  peroentage. 


Number 

of 
analywB. 


Water. 


Ash. 


1 

MUo: 

Mffif  mnm .... 

9.82 
1L06 
10.61 

10.18 
10.52 
10.34 

9.70 

10.16 

9.87 

9.87 
10.16 
10.05 

10.16 
10.55 
10.31 

9.75 
ia86 
10.26 

9.99 
10.06 

9.37 

10.06 

9.70 

9.87 
11.08 
10.22 
11.71 

* 

4.50 
20.70 
10.80 
13.06 

1.57 

Maxfrniim 

1.95 

Average 

Dwarf  miio: 

Minimam ....  , ,  _ , 

8 

i.n 

1.80 

MuTfnfinin                            1 

2.06 

Average 

4 

1.83 

White  durra: 

Mf  nfmiini 

1.93 

I'l^Tlimiim 

2.43 

Average 

5 

2.17 

Blaclrfiulllaifln 
MiniTn^im .... 

1.80 

*^RT<nnilTri 

1.97 

Average 

5 

1.90 

Red  kafln 

Mlnfmum . . 

1.60 

IffftTiniiitn 

2.05 

Average 

3 

1.78 

Brown  kowllang: 

1.76 

Maximum 

2.26 

Average 

7 

1 
1 

2.12 

Blackhaukowliang 

1.96 

White  kowUang 

2.40 

ShaUu: 

Minimnm , . . , 

1.42 

MftTlTTIYIim  . 

2.12 

Average 

3 

1.76 

Grain  soighnmn: 
Mifilmum ....... 

1.36 

MATimnni 

2.43 

Average 

Average  of  other  sampleso. . 
Com  grown  in  many  States  and 
different  years: 

MiniTTinm ....        .            

40 
10 

1.93 
1.75 

1.10 

MftTrirniim 



8.10 

Average 

b206 
12 

1.70 

Average  of  other  samplesa. . 

1.52 

Grade 
protein 

(NX6.25). 


<    Fiber. 


10.34 ; 

14.34 
12.41  I 

11.35 
12.84  I 

12.08  I 

I 

7.93 
12.39 
11.22 

9.98 
15.64 
13.69 

12.04 
14.47 
13.01 

8.80 
12.13 
10.51 
11.52 
11.53 

13.01 
15.24 
13.88 

7.93 
16.63 
12.23 
11.71 


7.70 
17.00 
11.70 

9.91 


1.73 
2.11 
1.86 

1.68 
2.66 
2.02 

1.48 
2.32 

1.85 

1.84 
2.99 
2.08 

1.68 
2.91 
2.14 

1.46 
2.  SO 
1.75 
1.63 
1.30 

1.73 
1.96 

1.85 

1.39 
2.01 
1.92 
1.80 


7&91 
82.67 

80.87  . 

T9-75  I 

81.92 

80.73 

78.33 
84.90  I 
80.81  \ 

76.88 

82.12 ; 

7&87  I 

78.11 
81.26  » 
79.95 

TOlU 
8SL83 
80.98 
80.18 
79.53 

7e.«2 
80.87 
78.78 

76u42  ; 
84.90  i 
80.06 

81.58 


.80 

67.30 

5.70 

84.80 

2.40 

78.10 

2.21 

81.96 

Carbohy*      Eifaa 


2.K 


3.9 

4.a 

3.  9b 

X4& 

£46 
3.4» 

XB 

4.fi 
4.61 

4.n 

&iS 

2.5? 
4.S 

3.n 
i« 

5.15 


XM 

11» 

i« 


a  Chamberlain,  J.  S.  The  Feeding  Value  of  Cereals,  aa  Calculated  from  Chemical  Analyses,  BoBelte 
120,  Bureau  of  Chemistry,  U.  8.  Dept.  of  Anicnlture,  1909,  p.  42. 

b  Jenkins.  E.  H.,  and  Winton,  A.  L.  A  Compilation  of  Analywa  of  American  Feeding  Stofb,  BoIfetlB 
11,  Office  of  Experiment  Stations,  U.  8.  Dept.  of  Agriculture,  1892,  pp.  16-17. 

Table  II  gives  some  analyses,  on  the  air-dry  basis,  made  by  the 
Texas  Agricultural  Experiment  Station  and  published  in  Bulletin  95 
of  that  station.  Chops  are  composed  of  thrashed  grain,  more  or 
less  finely  chopped  or  crushed.  Head  chops  are  made  by  choppiDg 
the  unthrashed  heads,  and  are  therefore  similar  to  and  comparable 
with  the  com-and-cob  meal.  The  high  fiber  content  of  these  last- 
named  products  is  due,  of  course,  to  the  woody  panicle  branches  and 
cobs.  The  fiber  content  of  thrashed  seed,  free  from  the  glumes, 
seldom  runs  higher  than  2  or  2.5  per  cent. 
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Tablk  11. — Compotiiiort  ofdiopt,  htadchop»,  and  rom-and-eob  mtat. 


Crop  uul  product. 

S' 

WiWr. 

A... 

AlTHlryBitatawT. 

Carbotiy- 

«l'^. 

,, 

"Is 

a  m 

iothI 

3.06 

72.22 

71:71 

1.78 

■;       .; 

! 

63 
IB 

1( 

oo 

8.90 

:::.]{    i 

^^^-^.■ 

».83 

63.38 
68. 7B 

2.44 
2,02 
3.« 

|(             10 

Many  grain  elevators  in  the  Great  Plains  region  have  been  equipped 
with  machinery  for  thraahing  and  grinding  these  grains.  The  grain 
ihould  be  cracked  or  ground  before  fee<ling  to  get  the  best  results.  In 
die  form  of  nulo  chops  and  kafir  chops,  it  is  becoming  a  popular 


16  IMPOBTANCE  AND   IMPROVEMENT  OF   GRAIN   SORGHUMS. 

of  the  country,  outside  the  grain-soi^hum  belt,  small  pat^ches  d 
kafir,  durra,  or  other  ''chicken  com"  are  commonly  grown  on  the 
farm  simply  to  furnish  chicken  feed. 

In  1908  inquiries  were  addressed  to  114  firms  manufacturing  over 
200  brands  of  poultry  food.  Data  received  from  33  firms  show  an 
annual  output  of  about  30,000  tons  of  these  products.  Of  this  total 
quantity  about  10,000  tons,  or  one-third  of  the  total,  consisted  of 
Blackhull  kafir  seed.  This  was  mostly  used  in  mixtures  with  other 
grains,  as  com,  wheat,  etc.  From  these  facts  it  is  probably  safie  to 
conclude  that  kafir  or  other  grainnsorghum  seed  forms  at  least  25  per 
cent  of  the  prepared  poultry  food  sold  in  this  country.  So  strong  is 
the  demand  for  these  grains  by  poultry-food  manufacturers  that 
similar  varieties  have  been  imported  from  as  far  away  as  India  when 
the  crop  in  this  country  was  short.  Such  importations  are  being 
made  at  the  date  of  writing. 

HUMAN   FOOD. 

Meal  made  from  the  grain  sorghums  ground  locally  is  not  infre- 
quently used  in  the  making  of  batter  cakes  and  similar  articles  of  food 
on  the  farm.  The  general  testimony  is  that  these  are  delicious  in 
quality.  Some  experiments  are  now  being  conducted  in  a  small  way 
to  determine  the  value  of  the  meal  for  more  extended  use.  There 
seems  little  reason  why,  when  properly  milled,  it  should  not  be  used 
in  much  the  same  manner  as  com  meal.  Throughout  Africa,  India, 
and  the  other  parts  of  southern  and  eastern  Asia,  where  these  crops 
are  largely  grown,  they  are  not  only  commonly  used  as  human  food, 
but  in  many  countries  they  furnish  the  chief  article  of  diet. 

STATISTICS   OF   ACREAGE,  YIELD,  AND   VALUE. 

SCOPE   OP   DATA. 

Complete  statistics  of  the  production  of  grain-sorghum  crops  are 
not  available.  The  national  census,  taken  every  ten  years,  has  not 
yet  separated  tlieixi  in  its  schedules  from  other  related  crops.  Of 
the  five  or  six  States  which  grow  them  largely,  only  two — ^Kansas  and 
Oklahoma — ^gather  state  statistics  of  farm  crops.  The  figures  have 
been  gathered  in  Kansas  since  1893,  but  in  Oklahoma  only  since  1904 
for  kafir  and  since  1905  for  milo. 

TOTAL  GRAIN-SORGHUM  CROPS  IN   KANSAS   AND  OKLAHOMA. 

Table  III  shows  the  acreage,  yield,  and  value  of  grain  sorghums 
grown  in  Kansas  and  Oklahoma  for  a  series  of  years.  These  results 
have  been  compiled  and  adapted  from  the  figures  given  in  the  reports 
of  the  State  Board  of  Agriculture  for  each  of  the  two  States. 

In  the  Kansas  figures  three  groups  of  grain  sorghums  are  included, 
namely,  kafirs,  milos,  and  White  durra  ("Jerusalem  com'*).     Since 
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tike  area  devoted  to  the  White  durra  has  not  been  larger  than  4,000 
jatores  but  once  in  the  last  fifteen  years,  it  may  be  neglected  and  the 
figures  regarded  as  representing  only  kafirs  and  milos — the  two  staple 
er-ops.  The  yield  for  Kansas  is  shown  in  tons  of  fodder  per  acre, 
instead  of  bushels  of  grain. 

In  the  figures  for  Oklahoma  two  groups  of  grain  sorghums  are 
included,  namely,  kafirs  and  milos,  except  for  the  first  year,  1904,  in 
iKrhich  no  returns  were  obtained  for  milo,  and  the  figures  given  are  for 
k:a£r  only.  For  the  years  1904  to  1906,  inclusive,  the  returns  are 
from  only  the  former  Territory  of  Oklahoma.  For  1907  and  1908 
they  are  from  the  entire  new  State,  including  the  former  Indian  Terri- 
tory. This  probably  accounts  for  the  apparent  sudden  increase  in 
acreage  of  1907  over  1906. 

The  yield  for  Oklahoma  is  shown  in  bushels  of  grain  per  acre.  The 
^aJue  of  the  crops  is  computed  from  the  value  of  the  grain  alone  for 
all  the  years  except  1908.  In  that  year  returns  were  also  made  for 
the  tonnage  and  value  of  the  stalks.  The  value  of  the  stalks  has 
therefore  been  added  to  the  value  of  the  grain  for  that  year  to  make 
the  total  value  of  the  crops,  from  which  the  acre  value  is  computed. 
The  value  of  kafir  stalks  was  found  to  be  nearly  one-half  as  much  as 
the  value  of  the  kafir  grain,  or  nearly  one-third  the  combined  value  of 
both.  The  stalk  value  of  milo  was  exactly  one-fourth  the  grain  value, 
or  one-fifth  of  the  combined  value.  It  is  not  clear  from  the  Oklahoma 
reports  whether  the  fodder  and  grain  represent  the  product  of  the 
same  fields  or  whether  the  figures  for  fodder  are  intended  to  cover  fields 
not  used  for  grain.     It  is  here  assumed  that  the  former  was  intended. 

Table  III. — Acreage^  yield,  cmd  value  of  total  grain-sorghum  crops  for  certain  years  in 

Kansas  and  Oklahoma. 


Kansas. 

Oklahoma. 

Year. 

Acreage. 

Yield  in  tons. 

Value. 

Acreage. 

Yield  in  bushels. 

Value. 

Total. 

Per 
acre. 

2.44 
3.43 
3.04 

a.  05 
3.24 
3.03 
2.93 
2.77 
2.67 

Total. 

Per 
acre. 

Total. 

Per 
acre. 

Total. 

Per 
acre. 

Ig93 

77,942 
231,496 
662,667 

628,142 
575,038 
569,701 
633,007 
688,582 
741,963 

190,480 

793,154 

1,965,940 

l,e09,038 
1,862,709 
1,727,966 
1,561,943 
1,906,551 
1,967,258 

6553,320 
2,079,285 
5,814,389 

5,136,412 
5,726,978 
5,216,965 
5,919,197 
7,407,516 
8,145,506 

67.10 
8.98 
a  91 

9.72 

9.96 

9.16 

11.10 

10.76 

10.98 

1895 

1900 :... 

1904 

1906 

334,948 
435,894 
391,565 
602,771 
545,143 

3,280,510 
6,562,298 
6,513,926 
6,757,197 
5,529,219 

9.79 
15.06 
16.63 
13.44 
10.14 

$1,312,204 
2,624,920 
2,336,704 
4,023,130 
3,306,765 

13.92 
6.01 

1906 

5.97 

1907 

8  00 

1908 

6.06 

1900 

Aver  age 
foryeazs 
since 
1904.1x1- 
diisfve. . 

2.95 

ia28 

• 

13.01 

5.90 

'"*      1     
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It  will  be  noted  that  the  total  area  devoted  to  gram-soigfaum 
crops  in  Kansas  was  larger  in  1900  than  in  1905.  The  maximum 
acreage  was  reached  in  1902,  with  a  total  of  757,000  acres.  After 
1902,  the  acreage  decreased  slowly  \mtil  1907,  and  then  began  a 
steady  increase.  It  may  be  noted  that  in  1907,  the  yeat*  of  lowest 
acreage,  the  highest  value  per  acre  resulted.  In  Otdahoma  there 
has  been  a  fairly  constant  increase  in  acreage  during  the  years  covered 
by  the  statistics.  In  both  States  there  has  been  a  general  rise  in 
the  acre  value  of  these  crops.  The  figures  do  not  indicate,  liowevw, 
that  yields  per  acre  are  increasing. 

KAFIR,  HILO,  AND  CORN   CROPS  IN   KANSAS   AND  OKLAHOMA. 

Table  IV  shows  the  annual  production  of  kafir,  milo,  and  com  in 
Kansas  and  Oklahoma  for  the  years  since  1904,  inclusive. 

The  proportion  of  grain  sorghums  to  com  grown  in  these  States 
is  steadily  increasing  with  the  settlement  of  the  drier  western  por- 
tions. The  average  acreage  of  grain  sorghums  for  the  period  1904 
to  1909  in  Kansas  was  equal  to  8.7  per  cent  of  the  average  com 
acreage.  For  the  year  1909  alone  it  had  increased  to  9.6  per  cent 
in  spite  of  an  enormous  increase  in  the  com  acreage.  In  Oklahoma 
the  same  figures  are  not  comparable  because  of  the  change  from  a 
small  Territory  to  a  larger  State,  but  the  average  grain-sorghum 
acreage  in  the  old  Territory  from  1904  to  1906  was  equal  to  25.6 
per  cent  of  the  com  area.  In  1907,  in  the  new  State,  including  both 
Oklahoma  and  Indian  Territories,  it  was  12.5  per  cent,  and  in  1908 
12.7  per  cent.  The  apparent  decrease  in  the  second  period  is  due 
to  the  fact  that  Indian  Territory  grew  much  corn  and  little  gx^m 
sorghum. 

As  pointed  out  before,  the  grain  soi^hums  are  all  grown  most 
extensively  in  the  drier  areas  west  of  the  ninety-eighth  meridian.  In 
Kansas  about  45  per  cent  of  the  kafir  and  about  95  per  cent  of  the 
milo  is  found  west  of  this  line,  which  divides  the  State  almost  exactly 
in  half.  In  Oklahoma  about  one-third  of  the  State  lies  west  of  thi^ 
line  and  contains  79  per  cent  of  the  kafir  and  98  per  cent  of  the  milo. 
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Fable  IV. — Acreage,  value,  and  yield  of  kafify  milo.  and  com  for  the  years  1904  to  1909^ 

mc/tmt'«,  in  Kansas  and  Oklahoma. 


Kansas. 


Oklahoma. 


Crop  and  year. 


Acreage. 


Ytekl 

pa 

acre  in 

tonaor 

bushels. 


Per 
ton  or 
bushel. 


"1 

UKM 

1906 

1906 

1907 

1908 

1909 

ATcrage.. 

Mite: 
1904 

518,372 
638,393 
548,497 
508,485 
630,096 
636,201 

Tmu. 
3.04 
3.24 
3.05 
2.94 
2.85 
2.79 

i        2.99 

7,166 

3.18 

1905 

20,550 
17,563 

2.84 

1906 

2.55 

1907... 

1908 

1909 

Average.. 

Com: 

19(H 

1905 

1906 

1907 

1908 

1909 

.\verage.. 

22,090 

55,255 

102,492 

2.72 
1.92 
1.97 

2.53 

6,494.158 
6,799.755 
6,584,535 
6.809,012 
7.057.535 
7.711.879 

Bushels. 
20.3 
28.0 
28.4 
21.3 
21.3 
19.1 

23.1 

3.22 
3.28 
3.26 
3.90 
4.85 
4.74 


Value. 


Total. 


Per  ton. 
13.19 
3.06 
3.01 
3.78 
3.82 
4.02 

3.48 


L 


.041, 
6,862, 
5,090, 
5,656. 
6,856. 
7,150, 


546 
810 

238 
860 
845 
080 


Per 
acre. 


19.70 
9.91 
9.18 
11.11 
10.80 
11.21 


Acreage. 


334,948 
297,286 
200,218 
371,405 
400.047 


Yield 

per 

acre. 


9.79 
12.72 
16.10 
13.50 

9.20 


Per 
bushel. 


90.40 
.40 
.34 

.46 


Vahie. 


Total. 


Per 
acre. 


i<l,312,204  !S3.92 
1,512,318  I  5.08 
'  1,465,937  '  5.44 
I  2,881.032  I  7.77 
a2, 548, 200     (136 


10.33    12.26 


.44 


73,476 
190,974 
146,289 
234.686 
515,269 
959.259 


10.24 
9.31 
8.31 

10.61 
9.31 
9.34 


6.71 


138.606 
122.347 
131,366 
145.096 


20.06 
17.82 
13.30 
12.55 


.40 
.40 

.65 
.33 


1,112,602 

870.767 

1.142.098 

«» 757, 565 


8.02 

7.12 
8.64 
5.22 


3.87 

9.52 

1 

15.93 

.45 

1 

7  25 



Per 

\ 

bushel. 

\ 

.39 

50.713.955 

1  7.81 

1.369.276 

16.00 

•  ov 

1  H,o44.o«)v 

;  6.24 

.36 

68,718.584 

,10.11 

1,642,930 

18.90 

.40 

'12.436,657 

7.56 

.35 

65,115.203 

'  9.25 

,1,528.735 

31.40 

.36 

17,142,081 

'11.21 

.43 

63.040.743 

'  9.20 

4.014.631 

18.10 

.48 

'35.409,961 

1  8.82 

.55 

82. 642.4(^2 

11.71 

4.284.501 

18.60 

.48 

38,449.866 

,  8.97 

.57 

83.066.905 

10.77 

1 

I 
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K.56 


a  Includes  $828,131  worth  of  fodder. 


6  Includes  S151,911  worth  of  fodder. 


The  46  counties  in  the  western  lialf  of  Kansas  grew,  in  round 
numbers,  240,000  acres  of  grain  sorghums  in  1907,  334,000  acres  in 

1908,  and  306,000  acres  in  1909.  This  was  an  increase  of  39  per 
cent  in  the  grain-sorghum  acreage  for  1908  and  of  18.6  per  cent  for 

1909.  The  same  counties  grew  1,500,000  acres  of  com  in  1907, 
1,750,000  acres  in  1908,  and  2,000,000  acres  in  1909,  increases  of  17 
and  14  per  cent,  respectively.  The  ratio  of  the  acreage  of  grain 
soTgliums  to  that  of  com  was  1  to  6.2  in  1907,  1  to  5.3  in  1908,  and 
1  to  5.1  in  1909.  The  grain-sorghum  acreage  was  therefore  equal  to 
16.1  per  cent,  18.9  per  cent,  and  19.5  per  cent  of  the  com  acreage  of 
these  three  years,  respectively.  Ten  of  these  counties  grow"  larger 
areas  of  grain  sorghum  than  of  com. 

The  21  counties  now  comprising  the  western  third  of  Oklahoma 
grew  327,000  acres  of  gram  sorghum  in  1906,  423,000  acres  in  1907 
(29  per  cent  increase),  and  465,000  acres  in  1908  (10  per  cent  increase). 
The  ratio  of  grain-sorghum  acreage  to  that  of  corn  was  1  to  2.1  in 
1906,  1  to  2.7  in  1907,  and  1  to  3.1  in  1908.  These  ratios  represent 
grain-sorghum  acreages  e(|ual  to  47.(5  per  cent,  37  per  ami,  and  32.2 
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per  cent  of  the  com  acreages  for  the  same  years.     Four  of  th 
counties  grow  more  grain  sorghums  than  com. 


SUMMABT  OF  THE  VALUES  OF  GRAIN  80BQHUM  AND  CORN  IN  KANSAS  AKD  OKULHOliA. 

In  Table  V  is  given  the  minimum,  maximum,  and  average  value 
per  acre  of  grain-sorghum  and  com  crops  in  Kansas  and  Okl&homa. 
The  figures  are  a  summary  of  the  values  given  in  Tables  III  and  IV. 
It  will  be  noted  that  for  Kansas  the  minimum  acre  value  of  the  com- 
bined grain  sorghums  is  not  as  low  as  the  minimum  for  corn,  that  the 
maximum  is  nearly  as  high,  and  that  the  average  acre  value  is  higher 
by  45  cents  an  acre.  In  Oklahoma  the  relative  positions  of  the  crops 
are  reversed. 

Two  facts  must  be  kept  in  mind  while  comparing  these  figures. 
One  is  that  for  Kansas  the  yields  and  values  of  grain  sorghums  are 
based  on  tons  per  acre,  and  thus  include  the  value  of  both  grain  and 
stover.  The  yields  and  values  of  com,  on  the  contrary,  are  based 
on  bushels  of  grain  per  acre.  If  the  value  of  the  com  stover  were  also 
included,  the  average  acre  value  for  com  would  probably  somewhat 
exceed  that  of  the  grain  sorghums.  The  difference,  however,  would 
probably  not  be  as  large  as  the  Oklahoma  figures  show.  The  other 
fact  is  that  the  grain  sorghums  are  most  largely  grown  in  the  western 
parts  of  these  States.  Here  the  shorter  seasons  and  lower  rainfall 
tend  to  decrease  the  yields  of  all  crops.  This  puts  the  sorghums  at  a 
disadvantage  in  a  comparison  with  com,  which  is  most  extensively 
grown  in  the  lower  and  more  humid  portions. 

Table  V. — Summary  of  xnilues  of  grain  sorghum*  and  corn  in  Kansas  awui  OtiakomA. 


Stat-e  and  crop. 


Kansa*?: 

Kafir 

Milo 

Total  grain  sorghumii 

Corn 

Oklahoma: 

Kafir 

Milo 

Total  grain  sorghums 

Com 


. 

Num* 

Yield 

berof 

per 

years. 

acre. 

Tbfw. 

6 

2.99 

6 

2.53 

6 

2.95 

Btukelt. 

6 

33.10 

6 

12.26 

4 

15.93 

5 

13.01 

5 

20.60 

Acre  value. 


Price 

per 

ton  or 

Ifinimiim. 

Maxtmum. 

bushel. 

ATcr 

Year. 

1905 
1906 
1906 

Value. 

Year. 

Valoe. 

age. 

PerUm. 

13.48 

3.87 

3.48 

19.18 
8.31 
9.16 

1909 
1907 
1907 

til.  21 
10.61 
11.10 

sias 

9.52 

las 

Perbu, 
a44 

1904 

7.81 

1908 

11.71 

9.« 

.44 
.45 
.44 

1904 
1908 
1904 

3.02 
6.22 
3.92 

1907 
1907 
1907 

7.77 
8.64 
8.00 

5.71 
7.S 
5.99 

.42 

1904 

6.24 

1906 

11.21 

8.56 

nCPItOVINa  THE  GRAIN   SOBOHUMS. 

There  are  two  general  ways  by  which  grain-soi^hum  crops  can  be 
made  of  greater  value  to  the  grower.  First,  by  improving  the  varie- 
ties; second,  by  devising  more  rapid  and  economical  methods  of  har- 
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esting.  Xiuproved  varieties  can  be  secured  through  selection  of 
resent  sorts  (fig.  4),  and  by  bettering  the  methods  ot  planting  them, 
[ore  rapid  and  economical  harvesting  will  come  about  either  through 
dapting  the  crops  to  present  machineiy  or  through  the  invention  of 
ew  machines,  or  both. 

It  is  better  to  keep  ia  view  the  results  sought  rather  than  the  means 
•y  which  these  results  are  to  be  attained.  The  problems  of  improve- 
oent  will  therefore  be  discussed  under  headings  showing  the  most 


Fia.  I.—Pht  ol  mllo,  Mlecled  Ic 


important  results  desired.  These  problems  are  iive  in  number, 
nwnelj,  (1 )  increased  drought  resistance,  (2)  increased  earliness,  (3) 
dwarfness  (or  diminished  stature),  (4)  greater  productiveness,  and  (5) 
idaptabilit  J  to  machine  handling. 


DBOUOHT    RESISTANCE. 


The  grain  sorghums  find  their  greatest  usefulness  in  r^ons  where 
moisture  is  often  the  controlling  factor  in  crop  production.    Much 
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good  should  therefore  be  accomplished  by  increasixig  their  drougbt 
resistance,  especially  in  the  areas  of  lighter  rainfall. 

No  one  knows  exactly  what  drought  resistance  is.  It  is  probtUe 
that  the  character  called  drought  resistance  is  one  of  several  difierent 
factors  or  the  result  of  a  combixiation  of  two  or  more  of  than.  The 
most  important  of  these  factors  are  probably  (1)  ijiereased  abilitrto 
prevent  the  loss  of  water  by  transpiration,  (2)  increased  develop- 
ment of  the  root  system,  and  (3)  a  possible  increase  in  power  to 
extract  water  from  a  dry  soil. 

Differences  in  the  power  to  control  transpiration  are  well-knowji 
and  readily  observed  facts.  In  cacti,  for  instance,  this  abiKty  is 
highly  perfected.  Com  is  in  danger  when  the  leaves  begin  to  curi, 
but  sorghums  often  remain  in  this  condition  for  a  long  time  without 
permanent  injury. 

The  size  and  character  of  the  root  system  are  probably  a  stropg 
factor  in  drought  resistance.  The  larger  the  root  system  in  p^opo^ 
tion  to  the  plant,  the  better  it  can  supply  moisture.  The  wider  ajad 
deeper  its  penetration,  the  larger  the  area  of  soil  from  which  it  draws 
moisture  in  time  of  drought.  A  deeply  rooting  plant  may  be  aUe 
to  secure  water  when  shallow  root  systems  lie  wholly  in  dry  soil. 
This  is  entirely  apart  from  possible  differences  in  ability  to  extract 
moisture  from  a  given  uxiit  of  soil.  Such  differences  may  exist,  but 
the  idea  is  yet  only  a  theory.  Unfortunately,  the  character  of  the 
root  system  can  not  be  observed  while  making  selections. 

Selections  for  drought  resistance  will  usually  be  made  on  observed 
phenomena.  These  are  likely  to  be  the  result  of  a  combinatioft  of 
adaptations  for  actual  drought  resistance  and  adaptations  for  drought 
evasion.  Dwarfness,  earliness,  and  thin  stands  are  adaptations  or 
conditions  for  drought  evasion.  Making  allowance  for  these  when 
present,  one  can  select  for  actual  drought  resistance."  This  will  be 
done  by  using  those  plants  which  give  best  results  under  dry  condi- 
tions when  they  are  neither  dwarfer,  nor  earlier,  nor  more  thijuy 
planted  than  their  neighbors. 

EARLINESS. 

ADVANTAGES   TO    BE    CfAINED. 

The  two  principal  reasons  for  desiring  early  varieties  are,  first,  to 
extend  the  range  of  grain  sorghums  into  dry  i'egions  having  a  short 
growing  season;  and,  second,  to  obtain  the  fullest  possible  benefit 
from  tlie  seasonal  rainfall,  which  comes  largely  during  the  early  sum- 
mer months  in  parts  of  the  grain-sorghum  belt.  This  second  reason 
is  thus  connected  with  the  problem  of  drought  resistance,  though,  as 
pointed  out,  earliness  is  a  means  of  drought  evasion,  not  of  resistance. 
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improvement  in  earlineas  will  need  to  be  continue<l  for  a  long  lime 
if  varieties  are  to  be  perfected  for  the  needs  of  all  the  flry-fnrming 
regions. 


Tlie  milos  (figs.  4  and  S)  are  much  earlier  varieties  than  the  kafirs, 
and  are  very  promising  material  on  which  to  work.  In  the  Panhan- 
dle of  Texas,  at  elevations  of  3,000  to  4,000  feet,  they  now  mature  in 
ninety  to  one  himdred  days  when  sown  May  15  to  20,  At  present 
they  are  grown  successfully  at  altitudes  between  4,000  and  5,000 
feet  in  Texas,  New  Mexico,  and  Colorado.  At  higher  elevations 
the  growing  season  is  shortened  to  such  an  extent  that  the  present 
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apparently  possesses  true  drought  resistance  also,  and  is  productire,   i 
but  shatters  quite  badly  and  is  not  liked  for  that  reason  and  some 
minor  ones.     Some  hybrids  of  this  variety  with  Blackhull  kafir  htTe 
been  under  selection  for  three  years   and  give   promise   of  being 
valuable. 

The  kafirs  usually  require  about  three  weeks  longer  than  milo  to 
mattire  under  the  same  conditions.  An  early  strain  of  Blackhull 
kafir  (fig.  Q)  developed  by  the  writer,  through  selection,  matures 
about  two  weeks  earlier  than  the  ordinary  kafirs  and  only  three  to 


nii,  o.-Flat  of  dwart  tad  earlr  Bkukhull  kau  (U.  I.  Ko.  ant. 

five  days  later  tlian  milo.  The  oUl-fashioned  White  kafir,  with  white 
hulls,  now  rarely  fouml  in  cultivation,  was  a  semi-early  sort  and 
would  make  good  selection  stock  if  its  heads  were  free  from  the  bool 
and  if  it  were  not  so  susceptible  to  disease.  Red  kaiir,  which  is 
normally  a  week  or  more  earUer  than  the  Blackhull  in  the  low  plains. 
seems  to  become  proportionally  later  as  it  is  carried  westwant  to 
higher  elevations.  At  the  Amarillo  Experiment  Fann  it  has  been 
consistently  later  than  the  Blackhull  for  several  years. 

The  group  of  kowliangs  from  North  China  and  Manchuria  contains 
some  varieties  (%.  7)  which  are  naturally  very  early,  especially 
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among  the  brown-seeded  sorts.  Two  or  three  (G,  I.  Nos.  171,  261, 
ami  328)  have  matured  in  eighty  to  liinety  days,  thus  proving  earHer 
than  the  milos  in  the  Panhandle  of  Texas.  Some  promising  selec- 
tions from  them  have  been  made  in  northern  Colorado,  in  Nebraska, 
ami  in  South  Daltota.  Coming,  as  they  do,  from  latitude  40°  or 
liigher,  they  may  prove  able  to  germinate  and  grow  at  lower  tempera- 
tures than  the  groups  whirh  have  come  from  more  southern  latitudes. 


The  effect  of  earliness  in  permitting  drought  evasion  ia  very  impor- 
tant.    Imagine  two  plants,  one  earher  than  the  other,  but  otherwise 


-Plat  of  Mlecled  Brown  kovlla 


similar  in  all  respects.  The  earlier  plant,  having  a  shorter  growing 
period,  not  only  uses  less  water,  but  uses  it  earlier  in  the  season. 
This  is  of  especial  importance  in  those  parts  of  the  semiand  country 
where  much  of  the  seasonal  rainfall  occurs  in  April,  May,  and  June. 
The  earlier  plant  might  be  able  to  mature  its  crop  of  seed  on  the 
summer  rainfall.  On  the  other  hand,  the  later  plant  might  be  crip- 
pled at  a  critical  stage  by  the  exhaustion  of  the  soil  moisture  during 
dry  weather  in  August.     It  is  fairly  certain  that  in  much  of  the  Great 
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Plains  region  the  greater  part  of  the  soil  moisture  in  a  field  is  not 
used  by  the  growing  crop,  but  is  lost  by  evaporation,  under  the 
average  tillage  conditions. 

Milos  are  earlier  than  kafirs,  but  are  not  known  to  be  more  tndy 
drought  resistant.  At  the  experiment  f  arm^  Amarillo,  Tex.,  under 
conditions  of  extreme  drought  from  the  middle  of  July  until  October, 
1909,  the  milos  yielde<l  on  the  average  8.3  bushels  and  the  kafirs  only 
5.5  bushels  to  the  acre.  In  each  crop  the  figures  are  the  average  of 
between  20  and  30  plats  and  show  that  the  difference  was  really  in 
the  earliness  of  the  milos  as  compared  with  the  kafirs,  the  yields  in 
normal  years  being  about  equal. 

The  writer  has  produced  by  selection  a  dwarf  kafir  (fig.  6)  of  the 
Blackhull  variety  which  is  nearly  two  weeks  earlier  than  the  ordinary 
strains.  In  1908,  a  favorable  season,  it  yielded  less  by  4.5  bushels 
than  the  average  of  the  ordinary  Blackhull  varieties.  In  1909  it 
yielded  14.4  bushels  to  the  acre,  while  20  ordinary  strains  averagetl 
only  5  bushels,  and  the  best  of  them  yielded  only  10.9  bushels.  Part 
of  the  credit  must  probably  be  given  to  the  dwarf  stature  becaui^e 
another  selection,  equally  early  but  not  dwarf,  yielded  only  10.7 
bushels,  as  much,  however,  as  any  one  of  the  later  strains  and  twice 
as  much  as  they  averaged. 

SELECTING    FOR    EAKUKESS. 

Earliness  can  be  developed  only  by  continuous  selection.  Such 
selections  can  be  made  either  at  heading  time  or  at  the  time  of  ripen- 
ing, but  are  preferably  the  results  of  records  made  at  both  periods. 
When  the  field  or  seed  plat  of  the  variety  begins  to  head,  a  number 
of  the  earliest  heads  which  are  otherwise  suitable  for  selection  should 
be  marked  by  means  of  tags  on  wliich  is  recorded  the  date  of  heading. 
Wlien  the  heads  on  these  selected  stalks  begin  to  show  the  charac- 
teristic colors  and  texture  of  the  hard  dough,  or  ripening  stage,  tlie 
date  of  ripening  should  be  atlded  to  the  tags.  Other  things  being 
equal,  those  heads  for  which  the  shortest  time  has  ela{>sed  between 
heading  and  ripening  are  to  be  considered  the  earliest.  These  heads 
should  be  carefully  saved  separately  and  used  for  continuing  the 
work  another  season. 

In  dry  regions,  where  the  amount  of  moisture  in  the  soil  is  com- 
monly the  controlling  factor  in  crop  growth,  the  plants  at  the  ends 
and  sides  of  a  field  are  often  tlie  first  to  produce  heads,  especially  in 
dry  seasons.  Tliis  is  because  the  outside  plants  have  a  lai^r  area 
from  which  to  draw  moisture,  or  because  run-oflF  water  often  collect*? 
at  the  edges  of  fields  and  provides  extra  moisture.  These  early 
heads  will  be  the  first  to  ripen,  but  it  does  not  follow  that  these 
plants  are  naturally  earlier  than  the  rest  of  the  field. 
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DWARF   STATTTRB. 

For  the  grain-soTghum  grower,  a  dwarf  variety  has  two  advantages 
ver  the  taller  strains.  It  requires  less  water  and  can  be  harvested 
nth  a  grain  header. 

The  larger  the  plant  the  more  water  it  requires  and  the  more  it  is 
ikely  to  lose  by  transpiration.  A  small  plant  which  can  produce  as 
auch  grain  as  a  large  plant  will  thus  have  a  real  advantage  in  a  dry 
eason.  This  is  not  true  drought  resistance,  but  merely  a  lower 
v^ater  requirement  which  permits  drought  evasion.  The  year  1909 
iras  marked  by  severe  drought  during  July,  August,  and  September 
n  the  southern  half  of  the  Great  Plains.  At  the  Amarillo  Experi- 
:nent  Farm,  in  Texas,  17  plats  of  milo  gave  an  average  yield  of  6.8 
bushels  and  10  plats  of  dwarf  milo  an  average  yield  of  11  bushels  to 
the  acre.  The  best  plat  of  milo  yielded  at  the  rate  of  only  16.5 
bushels,  though  in  a  low  piece  of  ground,  while  the  best  dwarf  milo 
yielded  23.2  bushels  per  acre.  This  advantage  seems  to  be  largely 
due  to  the  smaller  size  of  the  plants  of  the  dwarf  variety  and  the 
consequent  lower  water  requirement. 

The  development  of  an  early  dwarf  strain  of  BlackhuU  kafir  (fig.  6) 
has  already  been  noted  under  the  discussion  of  "Earliness"  (p.  26). 
How  much  of  its  superiority  was  due  to  dwarfness  and  how  much  to 
earlier  maturity  can  not  be  certainly  known.  Apparently  about 
one-half  was  due  to  each  cause. 

The  production  of  dwarf  varieties  has  made  possible  the  use  of 
the  grain  header  in  harvesting  the  crop.  Headers  have  been  success- 
fully raised  on  timbers  until  they  will  cut  ordinary  tall  varieties, 
but  this  practice  is  not  likely  to  become  general.  In  case  a  success- 
ful row  header  is  invented  it  is  more  likely  to  work  well  on  low 
varieties  than  tall  ones,  especially  in  windy  regions. 

Selecting  for  dwarf  stature  raises  the  question  of  the  abiUty  of  a 
plant  to  produce  the  same  seed  yields  with  a  reduced  stalk  and  leaf 
area.     How  far  can  reduction  in  the  size  and  height  of  stems  be  car- 
ried without  a  reduction  in  the  leaf  area?    How  far  can  reduction 
of  leaf  area  be  carried  without  reducing  grain  production  ?    These 
questions  can  not  be  answered  except  by  long-continued  investiga- 
tions.   It  is  much  to  be  hoped  that  a  series  of  careful  and  compre- 
hensive experiments  may  some  time  accumulate  data  on  the  cor- 
relation of  area  of  leaf  surface  and  the  power  of  seed  production. 
The  dwarf  milo  (fig.  8)  and  dwarf  kafir  are  only  3  to  4  feet  in  height 
under  conditions  that  make  the  normal  crop  5  to  6  feet  in  height. 
The  dwarf  milos  outyield  the  standard  milos  even  in  favorable  sea- 
sons.   The  White  durra,  which  is  low,  yields  as  much  as  the  kafirs, 
which  are  of  medium  height  or  taller.    The  dwarf  kafir  seems  likely 
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to  hold  its  own  in  a  series  of  years.  An  extra-dwarf  Brown  kowlisDg 
has  been  secured  in  China.  It  grows  to  a  height  of  about  2  feet,  but. 
hke  most  newly  introduced  sorghums,  does  not  show  high  yieldb^ 
power. 

These  crops  hare  originated  in  subtropical  lands  and  are  codudoiiJt 
inclined  to  large  growth.  While  they  have  been  used  chieflv  for 
grain  production  in  their  native  homes,  it  has  been  by  more  or  less 
primitive  peoples,  and  the  returns  have  not  been  lai^e.  Since  ctMiiii^ 
to  this  country,  most  of  the  standard  varieties  have  been  reduced  in 


OiiTLiiJB  or  THE  Problem. 

The  two  keys  to  increased  grain  yields  are  better  varieties  and 
better  methods  of  prowing  tliem."  Better  varieties  means  better 
filled  and  perhaps  larger  heads,  erect  and  fully  exserted  from  the 
boot,  borne  on  stalks  with  fewer  suckers  and  no  branches.  Better 
methods  relate  to  proper  and  even  spacing  of  stalks  in  the  row  and 
to  thorough  cultivation  of  the  growing  crop.  They  also  include 
proper  rotations  and  suitable  tillage  of  tlie  land  when  not  in  crop. 
Selections  for  better  jnelds  may  naturaUy  be  continued  as  long  as 
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the  crop  is  grown.  No  one  may  say  what  returns  will  finally  be 
obluned.  It  may  reasonably  be  hoped,  by  continued  effort,  to 
iouble  the  present  average  yields. 


Better  Yikldinq  Varieties. 


The  origin  of  a  better  yielding  variety  need  not  be  at  an  experiment 
tation  or  other  like  source ;  it  may  be  produced  by  the  farmer  himself 
A^Om  his  own  fields.    In  any  event,  the  grower  must  continue  the  selec- 
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have  not  been  previously  made,  tlie  two  operations  can  be  combined 
tliough  not  usually  with  romplete  satisfaction.  A  small  box  fastenei 
til  the  near  side  of  the  wagon  bed  will  serve  to  receive  the  seleclei 
heads.  Where  maeliine  heading  is  practiced  tliis  method  is,  o 
<'oui-se,  not  possible. 


Well-filled  heads. — ^It  is  important  that  the  heads  be  well  filled  il 
the  butts  and  tips,  &s  in  liigli-grade  com  eara.  Less  attention  kif 
been  given  to  this  matter  than  it  deserves.     Figure  9  shows  desirabk 


high  yteldlng  power. 


and  uniiesirable  types  in  milo  heads,  and  figure  10  shows  dea 
heads  of  Blackliull  kafir.     Mito  may  be  taken  as  representing  dunt 
also,  while  the  kafir  may  be  r^arded  as  the  proper  shape  for  kow" ' 
as  well.    The  poorer  head  contains  leas  grain  and  is  therefore  Id 
productive.     It  also  contains  a  larger  proportion  of  fiber,  and  hen 
is  less  valuable  as  a  feeding  ration. 

The  hea<U  selected  should  have  shorter  brejiches  at  the  butt  tfu 
in  the  rest  of  the  head.     These  basal  branches  should  be  loaded  « 
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ed  do'vim  to  the  point  where  they  join  the  rachis  or  central  stalk  of 
ie  liead.  Long  basal  branches  are  likely  to  droop  and  finally  break 
way  under  the  combined  stress  of  weight  and  wind. 
FvHy  exserted  heads. — It  is  also  important  that  the  head  be  fully 
Eserted  from  the  boot,  or  upper  leaf  sheath.  No  seed  is  produced  on 
tie  included  portion,  which  often  becomes  moldy  or  rotten  if  wet 
leather  prevails.  Com  worms  and  false  army  worms  {Laphygma 
rugiperda)  breed  in  such  places  and  add  to  the  injury.  When  these 
«ads  -with  spoiled  butts  are  piled  with  others  they  are  likely  to  cause 
[amage  to  the  whole  heap.  Varieties  in  which  the  heads  are  not 
ttHy  exserted  are  also  more  difficult  to  harvest  by  hand  or  machine. 
The  main  agricultural  difference  between  White  kafir  and  Black- 
toll  kafir  is  that  the  heads  of  White  kafir  never  become  fully  exserted 
torn  the  boot.  White  kafir  was  the  first  kafir  variety  to  come  into 
^neral  cultivation  in  this  country,  but  has  since  been  almost  wholly 
discarded,  largely  for  this  reason.  Blackhull  kafir,  the  present  popu- 
br  variety,  bears  the  heads  normally  entirely  free  from  the  boot 
^.  10). 

Large  heads. — ^In  selecting  for  large  heads  the  proportionate  size 
of  the  stalks  must  always  be  considered.  Not  the  largest  head  alone, 
but  the  largest  possible  head  on  the  smaUest  stalk  is  the  most  desirable 
selection.  The  grain  sorghums  are  for  use  where  limited  rainfall  is 
the  principal  controlling  factor  in  grain  production.  Larger  plants 
use  and  transpire  more  water  than  smaller  ones.  Selection  should  be 
made  where  the  stand  is  uniform  and  fairly  thick,  and  should  include 
the  largest  and  best  heads  produced  under  such  conditions.  They 
should  not  be  made  from  the  outer  row  of  the  field  or  plat,  or  from 
places  where  the  stand  is  thin,  even  though  the  larger  heads  are 
found  in  such  places. 

Average  weight  of  heads. — Close  spacing  of  stalks  in  the  row  or  an 
unfavorable  growing  season  reduces  the  size  of  the  heads,  even  if 
they  are  well  filled.  The  average  weight  of  heads  also  varies  with  the 
stand  and  seasonal  conditions.  Wide  spacing  and  favorable  condi- 
tions cause  larger  and  heavier  heads.  Under  average  field  condi- 
tions the  heads  of  milo,  Dwarf  milo,  and  kowliang  weigh  from  3  to  4 
ounces,  and  those  of  durra  varieties  about  3  ounces  each.  In  the 
kafir  group  the  heads  are  normally  much  heavier,  weighing  from  4  to 
6  ounces. 

PBRCBNTAGE  OF  GRAIN  IN  TOTAL  PLANT. 

It  is  unfortunate  that  during  the  years  when  these  plants  were  new 
in  this  country  no  records  were  kept  of  the  proportion,  by  weight,  of 
seed  to  total  plant.  Such  data  covering  a  considerable  period  of 
years  at  the  same  point  would  show  not  only  the  progress  made,  but 
vould  be  an  index  to  what  might  be  expected  in  the  future.     During 
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the  past  four  years  an  attempt  has  been  made  to  gather  data  on  this 
subject.  Even  if  the  experiments  had  not  been  interrupted  by 
drought,  hail,  and  other  environmental  factors,  four  years  is  iw 
short  a  period  to  yield  conclusive  data  of  this  sort. 

Table  VI  contains  the  average  results  obtained  from  a  number  of 
plats  of  several  varieties.  These  results  are  not  at  all  conclusive,  but 
merely  indicative  of  possibilities  and  are  so  offered.  Of  the  fouryeais 
considered,  two  have  been  favorable  and  two  unfavorable  crop  years. 
The  years  1906  and  1908,  especially  at  the  Amarillo  Experiment 
Farm,  were  reasonably  favorable  seasons,  as  will  be  seen  from  the  re- 
corded yields.  In  1908,  however,  the  milo  plats  at  Amarillo  were 
almost  wholly  destroyed  by  hail,  and  must  therefore  be  omitted. 
Their  comparison  with  the  Dwarf  milo  grown  the  same  season  would 
have  been  interesting.  The  years  1907  and  1909  were  seasons  of  more 
or  less  drought  by  which  the  grain  yields  were  usually  reduced  more 
than  the  vegetative  growth.  The  figures  for  the  four  years  are,  there- 
fore, not  comparable. 

Table  VI. — Percentage  of  grain  in  total  weight  of  plants. 


Variety  and  number  of  plaU 
averaged. 


Milo: 

6 

3 

7 

1 

3 

Dwarf  milo: 

5 

1 

1 

2 

Blackhull  kaftr: 

3 

5 

4 

5 

6 

Brown  kowUang: 

1 

5 

Shaliu: 

1 


Orownon 

Texas 
farm  at— 


Year. 


Amarillo. 

...do 

Dalharta. 

...do 

Amarillo. 

...do 

Dalharta. 

...do 

Amarillo. 


.do 

.do 

.do 

.do 

.do , 


DalharU.. 
Amarillo.. 


.do. 


1907 
1907 
190S 
1906 
1909 

1908 
1906 
1906 
1909 

1906 
1907 
1907 
1907 
1906 

1908 
1909 

1906 


Row 

Plants. 

space 
sSok. 

Weight 

per 

acre. 

Jnehet. 

8 

4 

10 

30 

7 

Pounds. 
5,375 
5,274 
3,854 
3,150 
5,353 

8 
10 
90 

8 

6,208 
4,400 
3,250 
3,807 

9 

9 

5 

14 

10 

10,317 
8,334 
9.145 
7;  052 
7,798 

23 
5 

2,000 
3,546 

7,100 

2,366 

1,461 

969 

1,007 

2,602 
1,240 
1.155 
830 
1,966 

725 
934 

1,565 


38.1 
33.2 
29.8 
25.7 

2&1 
15.2 
12.6 
11.8 
25.2 

36.2 
26.6 

22.0 


46» 
35.3 

It: 
1S.3 

44.1 

21.4 

19Lf 

IX  fi 
32.ft 

115 
l&I 

»l 


Another  varying  factor,  which  aflfects  not  only  the  yields  but  also 
the  proportion  of  grain  to  plant,  is  the  stand  secured  or  the  inches  of 
row  space  afforded  each  stalk.  In  some  of  the  experiments  this  factor 
was  purposely  varied,  as  in  the  two  groups  of  milo  and  Blackhull 
kafir  at  AmariUo  in  1907  and  the  milo  and  Dwarf  milo  at  Dalhart  in 
1908.  Unintentional  variations  occurred,  caused  by  differences  in 
the  size  and  quality  of  the  seed  or  in  the  nature  or  preparation  of  the 

a  In  cooperation  with  the  Office  of  Dry-Land  Agriculture  Inveetigationft. 
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land.  These  produced  nearly  as  great  di£Perences  in  the  stand  as 
were  caused  by  the  different  rates  of  seeding.  The  average  row  space 
is  shown  in  column  4.  It  may  be  noted  that  from  7  to  8  inches  is  con- 
sidered the  proper  row  space  for  milos  and  9  to  10  inches  for  kafirs 
under  Panhandle  conditions. 

The  highest  proportion  of  seed  to  plant  was  given  by  Dwarf  milo  at 
Amarillo  and  by  nulo  at  Dalhart  in  1908.  Two  of  the  five  plats  of 
Dwarf  milo  at  Amarillo,  1908,  gave  a  proportion  of  over  40  per  cent. 
As  noted,  the  milos,  which  would  have  been  comparable,  were  de- 
stroyed by  hail.  Of  the  seven  plats  of  milo  averaged  at  Dalhart,  in 
1908,  three  yielded  higher  than  40  per  cent  of  grain,  the  highest  being 
47.2  per  cent,  which  is  probably  the  maximum  yield  for  this  crop. 

Many  other  factors  enter  into  the  problem  of  increased  productive- 
ness. All  the  preceding  discussion  on  earliness,  drought  resistance, 
and  dwarf  stature  applies  to  this  topic  in  some  measure,  as  has  been 
seen.  However,  the  fact  remains  that  no  matter  how  great  the  per- 
formance of  a  plant  under  any  given  set  of  conditions  it  is  possible  to 
mcrease  its  producing  power. 

FREEDOM  FROM  SUCKERS  AND  BRANCHES. 

Plant  habits. — ^The  habit  of  producing  both  suckers  and  branches 
is  apparently  characteristic  of  all  sorghums,  though  in  vaiying 
degrees.  Suckers  seem  to  be  produced  normally,  but  branches  grow 
only  under  somewhat  exceptional  conditions.  They  wiU  therefore  be 
discussed  separately. 

Suckers. — Suckers  are  produced  from  the  closely  crowded  lower 
nodes  or  joints  of  the  stem  just  at  the  surface  of  the  ground.  In  some 
plants  suckers  appear  almost  as  early  as  the  main  stalk  itself.  In  other 
cases  they  do  not  develop  until  the  main  stalk  is  well  grown,  or  even 
after  it  has  b^un  to  mature  its  seed.  Suckers  may  vary  in  number  up 
to  10  or  15,  according  to  the  habit  of  the  plant  or  to  the  particular 
enyironmental  conditions,  such  as  abundance  of  food  and  moisture. 
Though  their  heads  are  usually  smaller,  suckers  differ  from  the  main 
stalk  chiefly  in  height  and  time  of  maturity.  They  are  usually  rather 
lower  and  almost  always  later  in  maturing,  often  very  much  so. 
Where  the  later  part  of  a  season  is  more  favorable  than  the  earlier, 
suckers  often  grow  taller  than  the  main  stalk.  Their  difference  in 
stature  is  objectionable  only  in  harvesting,  but  their  late  ripening  is 
a  more  serious  matter. 

The  value  of  suckers  in  grain-sorghum  crops  is  stiU  a  debated  ques- 
tion.  Many  of  the  advertisements  offering  the  seed  of  these  crops 
dwell  at  length  on  their  power  to  produce  several  stalks  from  one 
seed.  Considering  the  cheapness  of  the  seed  of  grain  sorghums  and 
the  exceedingly  small  quantity  (2  to  4  pounds)  needed  to  plant  ar 
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acre,  the  grower  can  well  afford  to  require  only  a  single  stalk  from 
a  single  seed.  In  a  forage  crop,  where  abundance  of  leaves  is  wsatcd, 
suckers  may  be  very  desiraUe,  but  in  a  grain  crop  requiring  little  seed, 
the  weight  of  evidence  is  against  them.  Their  existence  may  be 
partly  justified  by  their  help  in  making  a  fuller  crop  where  a  thin 
stand  occurs.  This  is  largely  offset  by  tiieir  somewhat  later  maturing. 
It  is  a  question  whether  the  seed  produced  really  pays  for  (he  food  and 
moisture  used. 

Selections  should  thai  be  made  with  ihe  object  of  entirely  remoTing 
suckers.  This  can  best  be  done  by  selecting  seeds  from  stalks  wbich 
produce  none.  If  the  crop  on  which  selection  is  begun  does  not 
contain  any  stalks  wholly  without  suckers,  the  selection  should  be 
made  from  stalks  which  have  only  a  single  sucker,  or  in  which  the 
suckers  are  very  small  and  appeared  very  late  in  the  season.  In  this 
way  the  tendency  to  produce  them  will  gradually  be  overcome. 
Closer  planting  in  the  drills  will  also  have  this  effect.  The  com- 
bined effect  of  these  two  methods  will  materially  reduce  the  number 
of  suckers. 

Branches, — ^Unlike  suckers,  branches  do  not  appear  until  the  main 
stalk  is  headed  out  and  usually  not  until  it  has  nearly  ripened  its 
seed.  In  all  sorghums  the  main  head  is  borne  on  a  long  pedimcJe 
arising  from  the  uppermost  node.  There  is  no  lateral  bud  at  thb 
node;  at  all  other  nodes,  however,  there  is  borne  a  single  lateral  bud. 
lying  in  the  slight  furrow  or  concavity  of  the  intemode  and  fully 
protected  by  the  tough,  convolute  leaf  sheath  arising  from  the  node 
and  completely  enveloping  the  intemode.  Branches  are  most  likelj 
to  be  produced  when  the  weather  remains  warm  and  there  is  abundant 
moisture  late  in  the  season.  The  bud  at  the  internode  below  the  ooe 
bearing  the  terminal  peduncle  b^;ins  to  develop  into  a  plant.  It 
forces  its  way  out,  either  at  the  ligular  collar  of  the  sheath  or  bj 
splitting  the  dorsal  surface  of  the  sheath,  and  then  rapidly  elongates, 
putting  out  leaves  and  finally  a  terminal  seed  head.  It  thus  becomes 
a  miniature  stalk,  growing  on  the  parent  stalk  and  exactly  like  it  in  all 
respects  except  size.  In  the  meantime  the  buds  at  the  successively 
lower  nodes  have  been  making  similar  growth.  If  the  season  is  long 
enough  and  the  moisture  sufficiently  abundant  all  these  developing 
buds  will  become  fruit-bearing  stalks.  In  extreme  cases  the  lateral 
buds  on  the  oldest  or  uppermost  branches  will  themselves  develop 
into  branches.  This  compound  branching  could  go  on  indefinitelj  it 
permitted  by  seasonal  conditions. 

The  heads  on  these  branches  are  much  smaller  and  less  productive 
than  those  on  the  main  stalk.  They  are  also  much  later  in  maturing. 
Advertisements  which  state  that  a  single  stalk  produces  4  to  10  large 
heads   are  wholly  misleading.    The   branches   themselves,  arising 
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Sist  from  the  upper  nodes,  make  the  plant  top-heavy  and  likely  to 
lodge.  The  presence  of  branches  interferes  decidedly  with  the  har- 
vesting of  the  grain.  When  branching  begins  before  the  head  on  the 
main  stalk  is  ripe  its  maturing  is  usually  delayed.  Branches  use 
moisture  that  is  often  needed  to  be  conserved  for  the  next  crop 
vnthout  making  any  adequate  returns.  These  facts  make  the  pro- 
duction of  branches  objectionable  and  they  should  be  eliminated  by 
selection  and  proper  planting  wherever  they  tend  to  occur. 

Better  Methods, 
scope  of  treatment. 

Only  methods  of  planting  and  the  proper  cultivation  of  the  crop 
will  be  treated  here.  Rotations  and  general  tillage  to  conserve 
moisture  have  their  influence  on  crop  improvement.  In  a  new 
country,  however,  strict  rotation  systems  can  not  be  followed,  and 
the  general  methods  of  dry  fanning  can  not  be  given  in  the  limits 
of  this  paper.  The  principles  are  two:  (1)  Till  so  as  to  absorb  the 
rainfall,  (2)  till  so  as  to  prevent  evaporation.  This  subject  has 
been  fully  treated  elsewhere.^ 

PBOPBR  STAND  OR  BOW  8PACB. 

The  whole  question  of  the  proper  stand  or  row  space  for  the  different 
varieties,  under  different  conditions  of  soil  and  moisture,  is  one  of 
which  Uttle  is  yet  known.  It  is  not  the  plant  having  the  largest 
head  which  makes  the  heaviest  acre  yield,  but  the  plant  which  can 
produce  the  largest  head  while  growing  in  the  smallest  passible  row 
space. 

The  results  of  four  years'  experiments  at  the  Amarillo  Experiment 
Farm,  Texas,  indicate  that  in  general  the  kowliangs  yield  best  with 
a  stand  of  1  stalk  in  each  5  or  6  inches  of  row;  the  milos  and  durras 
with  1  stalk  in  each  7  or  8  inches  of  row;  and  the  kafirs  with  1  stalk 
to  each  9  or  10  inches  of  row.  The  rows  are  always  3^  feet  apart  and, 
ss  far  as  possible,  the  seeds  are  dropped  singly  in  the  rows  (fig.  11). 
Under  these  conditions  improved  varieties  in  each  of  these  three 
distinct  groups  give  approximately  the  same  yields.  The  Amarillo 
Experiment  Farm  has  an  elevation  of  3,600  feet  and  an  average 
Uinual  rainfall  of  22  inches,  the  lai^er  part  of  which  comes  during 
the  growing  season.  Further  investigation,  continuing  the  experi- 
ments through  a  longer  period  of  years,  may  discover  that  better 

average  yields  will  be  produced  at  other  spacings  than  those  noted 

above. 

•See  FannerB'  Bulletin  266,  entitled  ''Management  of  Soils  to  Conserve  Moisture," 
'^h  will  be  sent  free  on  application  to  the  Secretary  of  Agriculture,  Washington 
I    "•  C.,  or  to  any  Member  of  Congress. 
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It  is  probable  that  at  other  locations  better  results  will  be  obtaiDed 
at  other  ratea  of  planting  than  those  given  for  Amarillo.  The  rate 
will  vary  with  different  elevations,  different  amounts  of  annual  run- 
fall,  or  a  different  proportion  of  it  during  the  growing  season,  and 
with  differences  in  the  character  of  the  soil. 


Another  important  question  which  has  not  yet  been  made  tlie  sub- 
ject of  expariment  to  any  great  extent  is  the  comparative  value  of 
planting  in  drills  and  in  hills.  For  instance,  1  st^  every  6  inches 
in  the  row,  or  2  stalks  in  a  hill  every  foot,  or  3  stalks  in  hills  18  inches 


Fio.  11— Flat  ot  nrawD  kowliuig,  showing  sulks  singly  uid  evenly  spaced  in  the  nm. 

apart,  or  4  stalks  in  a  hill  and  the  hills  2  feet  apart,  would  all  give  the 
same  number  of  stalks  per  acre.  Would  they  give  the  same  results 
in  bushels  of  grain  per  acre?  The  answer  is  not  known.  All  the 
evidence  at  hand  indicates  that  the  advantage  is  in  favor  of  a  single 
stalk  in  a  place.  Experiments  with  "corn  3e«m  to  show  that  where 
from  3  to  5  kernels  are  planted  in  a  hill,  results  are  better  if  the  kernels 
are  scattered  a  few  inches  apart  instead  of  being  dropped  in  a  bunch. 
Aside  from  the  immediate  question  of  yields,  however,  there  are 
other  reasons  for  preferring  planting  in  drills  rather  than  in  hills. 
These  reasons  are  connected  with  tlie  production  of  suckers  and 
pendent  heads.     Observation  indicates  that  the  fewest  suckers  and 
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)endent  heads  are  produced  where  the  stalks  stand  smgly.  Whether 
Jxis  be  true  or  not,  it  is  certain  that  where  the  stalks  stand  one  in  a 
place  it  is  much  easier  to  determine  if  suckers  are  produced  and  to 
bake  steps  to  get  rid  of  them  by  selection. 

PULNTBB  PLATES. 

The  difficulty  of  attaining  proper  rates  of  planting  is  partly  psycho- 
logical and  partly  mechanical.  When  the  psychological  objection  is 
overcome  the  mechanical  hindrance  can  easily  be  removed.  The 
first  sorghums  extensively  cultivated  in  this  country  were  the  sorgos, 
which  are  forage  crops  and  as  such  are  planted  thickly.  The  other 
leading  groups,  the  milos  and  kafirs,  were  also  first  regarded  as  forage 
plants  and  sown  thickly.  Com  planters  were  equipped  with  "cane" 
plates  which  dropped  10  to  25  seeds  in  a  foot  of  drill.  In  this  way 
the  idea  of  thick  seeding  for  sorghums  became  firmly  fixed  in  the 
minds  of  growers. 

The  value  of  the  milos,  kafirs,  and  durras  as  grain  producers  was 
only  gradually  recognized.  The  necessity  of  planting  thinly  where 
high  grain  yields  are  desired  was  reaUzed  even  more  slowly.  Though 
this  necessity  is  now  being  seen  by  the  great  body  of  grain-sorghum 
growers,  there  ia  not  yet  knowledge  and  agreement  as  to  the  proper 
rates  of  planting.  These  vary  with  different  conditions  and  must  be 
made  the  subject  of  extensive  experiments.  In  the  meantime  the 
manufacturers  of  planters,  though  recognizing  the  demand  for 
different  plates,  have  had  little  data  on  which  to  create  a  suitable 
supply. 

So  far  as  the  size  of  the  seeds  is  concerned  probably  only  two  sets 
of  plates  will  be  necessary  in  order  to  drop  a  single  seed  at  a  time  of 
any  variety.  The  two  sets  will  have  the  holes  of  different  sizes  and 
perhaps  of  slightly  different  shapes  also.  Milos  and  durras  have 
rather  lai^e  seeds,  more  or  less  round  in  outline.  Kafirs  and  kowli- 
angs  have  smaller  and  oval  seeds. 

Having  these  two  sets  of  plates,  certain  variations  in  the  rate  of 
planting  will  be  necessary  in  order  to  space  properly  the  seeds  of 
different  varieties  in  the  drill.  For  instance,  the  seeds  of  kafirs  and 
kowliangs  will  drop  singly  through  the  same  hole,  but  the  one  should 
be  planted  10  inches  apart  and  the  other  only  5  inches.  This  variation 
in  rate  may  be  effected  either  by  the  adjustment  on  the  planter  which 
changes  the  speed  of  the  plate  or  by  using  plates  drilled  with  different 
numbers  of  holes.  Where  plates  with  the  proper  number  of  holes  are 
not  purchasable,  blank  plates  can  be  bought  and  drilled  by  a  black- 
smith. Care  should  be  taken  that  the  holes  are  countersunk  on  the 
lower  side  of  the  plate  so  that  seeds  will  not  become  wedged  in  them. 
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ABAPTABIIJTY  TO  MACHINB  HANDUNQ. 

QBNERAX  STATEMENT. 

More  than  ever  is  it  true  that  the  demand  is  for  crops  which  may 
be  handled  readily  and  profitably  by  machinery  at  every  stage  in 
their  production.  This  has  long  been  true  of  the  small-grain  crops. 
Com  and  cotton  are  examples,  however,  of  two  great  staple  ac^ 
which  must  still  be  gathered  by  hand.  The  economic  pressure  is  so 
great,  however,  that  many  and  varied  efforts  are  being  made  to  pro- 
duce machines  which  will  gather  the  ears  of  com  and  the  fleecy  staple 
of  the  cotton. 

HEADERS. 

If  the  grain  sorghums  are  to  become  staple  crops  on  a  large  scale 
they  must  be  adapted  to  machine  handling.  In  the  early  years  o( 
the  cultivation  of  milo  and  kafir  as  important  crops  there  wane  two 
methods  of  harvesting  in  vogue  where  seed  was  desired.  The  firsl 
was  to  cut  the  crop,  stalk  and  all,  with  the  com  binder  and  cure  it  in 
the  shock.  The  heads  were  then  cut  from  the  bundles  with  a  knife, 
saw,  or  hatchet.  The  second  method  was  to  cut  the  heads  by  hand 
in  the  field.  This  was  done  with  a  knife,  and  the  heads  were  thrown 
into  a  wagon  body,  like  ears  of  com.  Both  these  methods  are  in 
common  use  to-day. 

A  header  designed  for  use  in  heading  kafir  was  invented  some  yeais 
ago.  Though  still  in  use  to  some  extent,  this  header  has  never  been 
a  popular  or  widely  used  machine.  It  is  a  rather  heavy  machine, 
not  running  upon  its  own  gear,  but  attached  to  the  side  of  the  wagon 
box.  It  is  heavy  and  hard  to  handle,  destructive  to  the  wagon  bed, 
and  not  susceptible  of  quick  and  wide  adjustments.  Moreover,  it 
heads  but  a  single  row  at  a  time,  and  is  rather  expensive,  oonaideriDg 
all  these  points.  It  can  not  be  used  on  milo  because  of  the  laige 
percentage  of  pendent  heads,  nor  on  Dwarf  milo  because  at  its  low 
growth.  In  recent  years  many  attempts  have  been  made  to  inveni  a 
satisfactory  row  header  which  would  be  free  from  the  objectionable 
features  mentioned.  So  far  these  have  not  been  successful,  though 
one  of  them  gives  considerable  promise. 

Since  the  introduction  of  Dwarf  milo  it  has  been  found  possible  to 
harvest  it  rapidly  and  satisfactorily  by  means  of  the  ordinary  grain 
header.  The  standard  milo  and  the  kafirs  are  too  tall  for  easv  ban- 
dling  with  this  machine.  A  few  ingenious  farmers  have,  however, 
contrived  to  raise  their  headers  on  planks  to  a  point  where  they  will 
gather  these  taUer  crops  with  a  fair  degree  of  satisfaction.  One  great 
advantage  of  the  grain  header  is  that  it  enables  the  farmer  to  harvest 
his  small  grains  and  his  feeding  grains  with  the  same  machine.    Ab 
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J  cuts  a  number  of  rows  at  a  time  the  work  is  done  rapidly  and  a 
itrge  area  is  easily  harvested. 

"INvo  facts  still  prevent  the  general  use  of  the  grain  header  for  these 
rops,  namely,  their  height  and  the  presence  of  pendent  heads  in 
oine  -varieties.  Here  is  a  prohlem  in  selection  for  the  farmer.  Dwarf 
.trains  of  kafir  must  be  produced  to  equal  the. Dwarf  milo  already  so 
Ktpular.  Varieties  with  erect  heads  must  be  had  in  all  milos  and 
luTxas. 


There  are  four  great  groups  of  grain-producing  sorghums  now  under 
cultivation  in  this  country.     These  are  milo,  <hirra,  kafir,  and  kow- 
liang.     The   first 
two     groups    orig- 
inally had  pendent 
heads  (fig.  12).     lo 
the  last  two  groups 
the  heads  are  nor- 
mally erect.     The 
durras  are  but  little 
grown  because   of 
the  wasteful  shat- 
tering of  the  seed, 
the  irritating  hairs 
on  the  glumes,  and 
the  pemlent  heads. 
A  strain  of  White 
durra    has   been 
perfected  in  which 
VOO  per  cent  of  the 
heads    are    erect 
under  all  condi- 
tions.    Improve- 
ment in  the  milos 
has  not  progressed 
so  far.     The  per- 
cental    of    erect  Fl/I.12.--lll1ohm.ls:  onBpendeni.ornrreci. 

heads  varies  from 

50  to  95,  depending,  perhaps,  more  upon  the  season  than  on  the  par- 
ticular strain.  The  character  of  pendent  heads  does  not  yield  readily 
to  selection.  It  doubtless  can  be  entirely  eliminated,  however,  by 
long-continued  selections. 

The  tendency  of  the  head  to  hang  downward  on  arecurved peduncle 
is  an  inherent  one.     Because  the  kreest  lieads  are  most  likely  to  be 
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of  early  seasojial  ramf all  and  also  have  lower  water  reqmr»nait& 
liililos,  White  durra,  and  some  Brown  kowliangs  are  nonnaliy  eaily. 
An  early  dwarf  strain  of  Blackhull  kafir  has  been  produced.  Dwad 
stature  lowers  the  water  requirement  of  the  crop  and  permits  headbg 
by  machinery. 

Better  yielding  varieties  may  be  produced  by  selecting  for  wdl- 
shaped,  well-filled  heads,  fully  exserted  from  the  boot,  and  as  laige 
as  possible  in  proportion  to  the  size  of  the  stalk. 

The  value  of  suckers  in  the  grain-sorghum  crops  is  doubtful. 
They  are  often  shorter  and  usually  later  in  maturing.  Seed  is  so 
cheap  and  so  little  is  used  per  acre  that  only  a  single  stalk  from  esdi 
seed  need  be  required.  Branches  should  be  eliminated,  because 
their  objectionable  features  render  them  utterly  worthless  for  gnin 
production. 

Experiments  show  that  under  Panhandle  conditions  ko^umgB 
give  best  yields  with  a  stand  of  1  stalk  to  each  5  or  6  inches  of  3^ 
foot  rows;  milos  and  durras  each  7  or  8  inches,  and  kafirs  each  10 
inches.  Under  different  conditions  the  spacing  will  need  to  be 
varied  somewhat. 

Better  results  are  probably  secured  from  plants  single  in  the  diifl 
than  from  the  same  number  of  plants  in  hills.  Single  stalks  are  also 
more  easily  selected  and  harvested  and  seem  to  produce  fewer 
suckers.  To  plant  single  seeds  of  the  different  grain  soighums  two 
sets  of  plates  are  needed,  with  holes  of  different  sizes;  one  set  for 
milos  and  durras  and  one  for  kafirs  and  kowliangs.  To  space  dif- 
ferent varieties  properly  in  the  drill,  speed  adjustments  on  the 
planter  or  plates  with  different  numbers  of  holes  will  suffice. 

The « ordinary  grain  header  harvests  low  varieties  like  dwarf  mik 
with  complete  success.  The  invention  of  satisfactory  row  headen 
or  the  ereation  of  other  dwarf  varieties  will  finally  solve  the  harvestii^ 
problem. 

Pendent  heads  are  usual  in  some  varieties.  They  can  be  slowly 
eliminated  by  selection  and  proper  planting. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D,  C,  September  26, 1910. 
Sir  :  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
iblication  as  Bulletin  No.  204  of  the  series  of  this  Bureau  a  manu- 
ript  entitled  "Agricultural  Explorations  in  the  Fruit  and  Nut 
rchards  of  China,"  by  Mr.  Frank  N.  Meyer,  Agricultural  Explorer. 
his  manuscript  has  been  submitted  for  publication  by  Mr.  David 
aircliild.  Agricultural  Explorer  in  Charge  of  the  Office  of  Foreign 
Bed  and  Plant  Introduction. 

Mr.  Meyer's  explorations  in  China,  Manchuria,  and  Korea  have 
rought  to  the  attention  of  the  Department  many  plants  which  prom- 
«  to  be  of  value  to  our  agriculturists,  either  as  forming  the  basis  for 
ew  industries  or  as  providing  new  and  valuable  strains  of  plants 
Iready  known  to  us.  Especially  in  fruits  and  nuts  the  Chinese 
Empire  proves  to  be  very  rich,  and  as  tne  similarity  in  soil  and  cli- 
aate  between  the  native  habitat  of  these  products  and  certain  areas 
f  the  United  States  is  close  the  possibility  of  introducing  these  new 
onns  for  direct  cultivation  and  for  breeding  work  is  most  promising. 
Respectfully, 

Wm.  a.  Taylor, 
Acting  Oliief  of  Bureau. 
lion.  James  Wilson, 

Secretary  of  Agriculture. 
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AGRICULTURAL  EXPLORATIONS  IN  THE 
FRUIT  AND  NUT  ORCHARDS  OF  CHINA. 


INTBODUCTION. 

The  Chinese  as  a  race  are  great  k)vers  of  fruits,  and  to  satisfy  their 
taste  they  grow  these  wherever  there  is  a  chance  to  do  so.  They 
understand  the  arts  of  grafting,  budding,  and  layering;  and  although 
they  are  far  less  successful  in  their  attempts  to  originate  new  varieties 
they  are  able  to  preserve  those  that  have  been  secured.  But  as  with 
crops  in  general  so  with  fruits;  particular  districts  are  often  character- 
ized by  peculiar  kinds,  and  it  frequently  happens  that  a  certain 
variety  of  fruit  is  found  only  in  a  single  locality.  This  can  be  explained 
by  the  fact  that  certain  varieties  have  apparently  developed  from 
seed  obtained  locally,  and  on  account  of  the  lack  of  skill  in  trans- 
planting trees  such  varieties  have  never  been  successfully  introduced 
into  other  localities.  However,  when  one  asks  about  these  things 
one  is  generally  told  that  certain  fruits  do  not  do  well  in  other  sec- 
tions; that  even  if  successfully  transplanted  they  lose  vigor  or  the 
fruits  never  acquire  the  right  flavor,  etc. 

Another  strange  thing  is  that  the  Chinese  never  prune  their  fruit 
trees,  although  the  trees  grow  dense  and  their  branches  interweave. 
When  the  branches  become  heavily  loaded  with  fruit  they  are  propped 
up  or  tied  with  straw  rope.  The  only  fruit  which  is  really  scientifi- 
cally pruned  is  the  grape;  but  here  it  is  apparently  a  case  of  absolute 
necessity — no  pruning,  no  fruit. 

In  transplanting,  however,  the  cutting  back  of  roots  is  carried  to 
excess,  and  this  is  one  of  the  reasons  why  tree  planting  in  China  is 
considered  such  a  hazardous  undertaking. 

What  is  lacking,  however,  in  the  care  of  the  trees  is  made  up  by  the 
excellent  care  bestowed  upon  the  soil.  All  orchards  are  cultivated 
except  those  of  the  jujube,  which  do  not  need  it,  but  even  these  are 
kept  free  from  weeds.  The  custom  is  to  plow  the  orchards  before 
the  winter  sets  in,  then  to  let  the  ground  lie  rough  during  that  season, 
to  plow  it  again  in  the  spring,  and  to  harrow  and  cultivate  whenever 
the  ground  needs  it,  so  as  to  conserve  the  subsoil  moisture.  Manuring 
is  not  much  resorted  to  for  fruit  trees,  as  fertilizers  of  all  kinds  are  too 
scarce;  but  crops  are  often  grown  between  the  trees,  and  perhaps  the 
trees  obtain  extra  nourishment  from  the  manure  supplied  to  these 
crops. 

•4262^— Bui.  204—11 2  9 


10         AGRICULTURAL  EXPLORATIONS  IN  THE  ORCHABDS  OF  CHINA. 

Of  insecticides  little  is  known.  In  some  districts  the  bark  of  fruit 
trees  is  scraped  scrupulously  clean  every  winter.  The  trunks  of 
peach  trees  are  often  whitewashed,  apparently  to  kill  the  insects  in 
the  bark.  Some  fruit  growers  clean  the  trunks  of  their  trees  eyenr 
year  by  applying  a  bundle  of  burning  straw  to  them  at  the  approach 
of  spring.  Of  spraying,  however,  nothing  is  known.  It  is  a  good 
thing  that  there  are  so  many  parasites  in  China  which  prey  upon 
scale  and  other  insects;  for  if  it  were  not  for  them,  fruit  growing 
would  be  almost  impossible. 

A  pecuUarity  of  Chinese  taste  is  that  the  race  as  a  whole  does  not 
care  for  soft  fruits.  One  may  even  see  high-class  Chinese  ladies 
selecting  hard  apricots  from  a  basket  containing  a  mixture  ci  ripe 
and  green  ones  and  reUshing  the  crunching  of  the  hard  fruit  between 
their  teeth.  At  dinner  parties,  fine-looking  but  extremely  hard  pears 
are  served  and  are  keenly  reUshed  by  the  most  highly  cultured 
Chinese.  For  this  reason  one  finds  that  although  raspberries,  red 
currants,  gooseberries,  and  various  other  small  fruits  grow  wild  in  the 
mountains,  one  never  sees  them  cultivated,  and  the  fruit  on  these 
wild  bushes  is  only  sparingly  picked. 

PERSIMMONS,  o 
CmNESE  NAME,  ''Shi  tze." 

The  persimmon  (Diospyros  Jcaki)  is  one  of  the  most  important  tree 
fruits  in  northern  China.  Certain  vaUeys  are  entirely  given  over  to 
its  cultivation,  and  the  revenue  derived  from  the  sale  of  the  fruit 
often  forms  the  main  source  of  income  for  certain  districts.  For 
instance,  in  the  small  village  of  Tai-dja-tchwang,  near  the  large  city 
of  Pautingfu,  Chihli  Province,  the  writer  was  assured  in  January,  190S. 
that  the  persimmon  crop  of  the  previous  autumn  had  brought  in  about 
10,000  Mexican  dollars,  an  amount  which,  though  seemingly  insig- 
nificant to  us,  is  really  a  very  large  item  in  a  small  village  in  Qiina. 
The  most  favored  location  for  a  persimmon  orchard  is  at  the  foot 
of  a  hill  or  a  mountain  with  a  southern  or  eastern  exposure,  where 
the  land  consists  of  a  warm  decomposed  granite  soil  that  will  allow 
the  water  to  drain  off  easily  and  yet  will  retain  enough  to  prevent  the 
trees  from  suffering  in  case  a  drought  should  occur. 

Trees  are  generally  planted  from  20  to  30  feet  apart,  and,  as  they 
are  not  fast  growing,  peaches  and  bush  cherries  are  often  grown 
between  them  for  the  first  dozen  years  or  so.  When,  however,  the 
persimmons  need  the  space,  these  secondary  plantings  are  taken  out 

a  In  the  opinion  of  the  writer  the  persimmonB  of  northern  China  constitute  a  different 
group  of  these  fruits  from  the  various  forms  of  Diotpyroi  kaki  found  in  Japan,  but  as 
D.  kaki  is  so  exceedingly  variable  it  may  be  a  very  difficult  matter  to  assign  different 
varieties  to  well-defined  groups. 
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nd  the  soil  is  kept  free  from  we«ds  and  cultivated  regularly.  (See 
1. 1,  %s.  1  and  2.) 

All  the  persimmons  in  northern  China  are  ring  budded  or  grafted 
pon  a  species  growing  wild  in  the  mountains  that  bears  small  black 
•uit  full  of  seeds.  The  ordinary  Chinese  name  for  this  wild  persim- 
lon  is  "Ghae  tsao,"  meaning  black  date,  and  statements  have 
ppeared  in  several  papers  that  the  Chinese  use  a  bJack  date — that  is, 

jujube — as  stock  for  their  persimmons.     It  is,  however,  an  indis- 

utable  fact  that  the  stock  used  in  northern  China  is  the  Diospyros 

itua  (fig.  1).     Incen- 

ral  China    probably  | 

ther  species  are  used,  < 

mongwhichisat  least 

ioe  which  has  not  yet 

)een  identified.     (See 

.'1.  Ill,  fig.  1.) 

XLTIVATED     VAEIE- 
TIES. 

Many  different  va- 
rieties of  persimmons 
are  grown  in  China, 
van-ing  in  size,  color, 
productivity,  etc. 
Of  those  that  came 
under  the  writer's 
notice  there  is  one 
that  stands  out  above 
all  others  in  excel- 
lent qualities.  The  Fm.  I.-Tb*  Inmk  ot*  pwslmiiioa  iree  uwre  Ihan  n  WDtury  old  In  a 
Fniit  nf  thia  r,iipt;/>ii1ar  lemplerourtyard  near  Tatanlii,  8hBntun(!  Province,  China.    Now 

iruil  or  mis  particular  ^^^  ^,^  ^^.^^^y^  bawttn  the  sWcH  (D/o«.fm  (««)  and  the  grate 

variety  has  a  bright      iD.kain. 

orange-red  color,  grows  to  a  largo  size,  measuring  from  3  to  5  inches 
in  diameter  and  sometimes  weighing  more  than  a  pound.  It  is  per- 
Iwtly  seedless,  is  not  astringent,  and  can  be  eaten  even  when  green 
and  hard.  It  stands  shipping  remarkably  well.  The  fruit  is  of  a 
pwuliar  shape,  having  an  equatorial  constriction,  which  makes  it  look 
as  it  two  fruits  had  been  joined,  or,  to  use  a  more  terse  expression,  as 
if  somebody  had  sat  upon  it  (fig.  2).  The  trees  are  very  thrifty 
piJWers  when  once  thoroughly  established.  They  reach  a  height  of 
from  30  to  50  feet,  and  though  the  young  branches  are  very  erect  the 
older  ones  bend  down  a  good  deal  because  of  the  great  weight  of  the 
fmit-    The  trees  seem  to  bear  very  heavy  crops  in  some  years,  while 
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in  other  years  tlie  harveiit  is  small.     A  drawback  of  a  large  crop  is    j 
that  the  great  weight  of  the  fruit  causes  the  large  limbs  to  sni^  off   ■ 
unless  they  are  propped  or  tied  up.     This,  therefore,  has  to  be  doDe 
regularly.     It  seems  that  when  the  trees  of  this  variety  reach  the  age 
of  40  or  50  years  they  begin  to  decline  in  vigor;  still,  here  and  there 
old  specimens  may  be  seen  that  are  near  the  century  mark. 

These  large  persimmons  are  mostly  used  when  fresh.  Foreigners 
in  China  are  fond  of  eating  them  with  a  spoon,  and  after  being 
kept  in  a  cool  place  for  some  hours  the  fruit  is  very  rehvshing- 
They  can  be  eaten  while  still  hard,  like  apples.  By  careful 
handhng  and  by  keeping  the  persimmons  at  a  low  temperature  they 
can  be  preserved  for  several  months.  To  keep  them  through  the 
winter  the  Chinese  pile  them  in  heaps,  let  them  freeze  thonu^y, 
and  keep  them  frozen  until  they  are  needed.  When  wanted,  they  are 
simply  put  into  a  vessel  with  cold  water  to  be  thawed  slowly,  and 
then  they  are  as  good  as  when  freshly  picke<l.     They  can  also  be  eat«ii 


when  sUghtly  frozen,  like  sherbet,  and  o<'casionally  they  are  quite 
acceptable  in  that  condition. 

The  variety  described  here  is  called  by  the  Chinese  "Ta  shi  tie." 
meaning  big  persimmon,  or  "Ta  mo  pan  shi  tze,"  meaning  big  grind- 
stone persimmon,  on  account  of  its  lai^e  size  and  flattened  shape 
(fig.  2;  PI,  II)..  An  abbreviation  of  the  last,  namely,  Tamopan,  has 
been  suggested  by  the  pomologists  of  the  United  States  Department 
of  Agriculture  as  a  suitable  name  for  this  variety  in  the  I'nited  States. 
(S.  P.  I.  Nos.  16912,  16913,  16921,  22350,  22362,  and  22365)." 


«  The  S.  P.  I.  numbers  mentioned  in  this  buUetin  refer  to  the  numbera  anigDed  by 
the  Office  of  ForeigD  Seed  and  Plant  Introduction  to  eeeds  and  pUnts  received  bom 
foreign  countries  and  distributed  with  a  view  to  determine  their  adaptability  to  con- 
ditions ill  the  Unite<l  States.  For  detailed  information  the  reader  in  referred  to  tlM 
series  of  publications  known  as  Inventories  of  Seede  and  Plants  Imported,  of  iriucfa 
20  have  been  issued  up  to  the  present  time. 


Tamopan  Persimmon. 

A  »eedl««  variety  mnlalolng  so  lUlli;  lannln  while  liarfl  ihi 
Sckmi  lnlroduc«l  in  19U6  produced  llils  Inilt  in  Fityetl 
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Another  variety,  called  ' '  Shau  mo  pan  slii  tze,"  or  small  grindstone 
>ersimmon,  resembles  the  first  in  every  respect  except  as  to  the  size 
»f  the  fruit,  which  is  smaller,  being  from  2  to  3  inches  in  diameter, 
'or  this  reason  the  variety  is  not  very  generally  planted.  (S.  P.  I.  No. 
J2366.) 

Another  kind,  called  "Siang  shi  tze,"  or  aweet  persimmon,  is 
ixtremely  rare;  in  fact,  there  seems  to  be  only  one  tree  of  it,  growing 
n  an  old  temple  yard  in  the  Pang  Mountains,  east  of  Peking.  The 
Tuit  is  flat,  but  has  no  equatorial  constriction.  It  also  has  seeds, 
^nerally  from  three  to  six.  The  skin  is  so  tender  that  the  fruit  can 
not  be  shipped  well  imless  frozen  hartl.  It  makes  up  for  these  defects 
by  being  particularly  aweet  and  fresh  in  flavor.  (S.  P.  I,  Nos.  21910 
and  22597.) 

Another  variety  is  called  the  "Lien  hua  shi  tze,"  or  lotus-flower 
persimmon  (fig.  3).     The  appearance  of  the  fruit  of  this  variety  is 


Teiy  pecuUar.  It  is  not  large,  only  2  inches  in  diameter,  and  bears 
besides  the  equatorial  constriction  two  cross  furrows,  vannng  in 
depth  in  different  fruits.  Sometimes  the  incisions  are  so  deep  as  to 
divide  the  top  of  the  fruit  into  four  lobes,  resembling  a  coarse,  waxy 
flower;  hence,  perhaps,  the  name  lotus-flower  persimmon.  At  other 
times,  however,  the  incisions  are  so  slight  as  merely  to  make  the  fruit 
ippear  undulated.  The  fruit  is  seedless  and  of  a  bright  orange-red 
color.  The  flavor  is  not  as  fine,  however,  as  that  of  the  larger  varie- 
ties mentioned  before.  The  trees  have  the  pecuUarity  of  making  a 
Dig  warty  growth  where  they  have  been  united  to  the  wild  stock,  and 
Mn  always  be  recognized  by  that  means. 

TTie  trees  of  this  variety  grow  to  a  greater  size  than  the  other  kinds, 
Ving  from  60  to  80  feet  tall,  with  heavy  trunks.  (See  PI.  Ill,  fig.  2.) 
They  also  live  to  a  much  greater  age.  In  general  they  seem  to  be 
wavier  bearers,  but  the  fruit  is  several  weeks  later  in  ripening  than 
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that  of  the  lai^w  kinds.  They  have  the  habit  of  droj^ung  their 
leaves  before  the  fruit  is  entirely  ripe,  and  then  a  large  tree  heavily 
laden  with  bnght-orange  fruit  is  one  of  the  most  beautiful  objects  in 
an  autumn  landscape.     (S.  P.  I.  Nos.  16910  and  22367.)  " 

Another  variety  bearing  small  fruit  of  a  yellow  color,  which  «»- 
tains  seeds,  is  called  "New  sien  ahi  tze."  The  tree  is  a  slow  grov^ 
and  has  a  whitish  bark.  It  is  a  rare  local  variety,  near  Pautingfu, 
Chihli  Provinc*.     (S.  P.  I.  No.  22368.) 

Another  variety  of  small  size,  oblong  shape,  and  scarlet  color,  ob- 
taining seeds,  and  called  "Whoe  shi  tze,"  or  fire  persinunon,  comes 
from  the  same  locahty.     {S.  P.  I.  No.  22369.) 

In  the  Provinces  of  Shantung,  Shansi,  Shensi,  Hoaan,  and 
Chekiang  there  are  many  other  varieties  of  persimmons  that  are 
still  waiting  to  be  introduced. 

Some  of  the  less  juicy  varieties  are  used  ext-ensiveiy  in  the  manu' 
facture  of  dried  persimmons.  This  dried  fruit  closely  resembles  figs 
in  appearance  and  is  of  an  excellent  flavor  (fig.  4).     It  can  be  eaten 

raw  or  stewed,  like 
dried  peaches  or  apri- 
cots. Compote  can 
be  made  from  it  and 
is  very  wholesome. 
It  is  veri"  likelj-  that 
new  industries  coulJ 
be  built  up  in  those 
sections  of  our  South- 
western States  where 
these  dr}--fruit*d  p«- 
simmoQs  succeed 
well. 

Flo.  1.— LurKf  lined  persimmons,  sulJ  lo  hivi  rome  lro;n  norlheni            The  writer  foUnd  a 

IToniui,  China.    Thpy  art  an  cxcellenl  drted  Irult,  aa  (xUnsirely  ,                                        , 

nsed  In  China  as  llie  dried  (Ik  Is  In  America.  OtUD  Mien  aleired  few  specimens  of  ap- 

llke  dried  peaches  orairtsols.  parently      the     t  rue 

Dwspyros  ioH  in  a  copse  near  the  Tai  cliing  kong  temple,  Laushan 
district,  eastern  Shantung.  The  trees  look  exactly  hke  the  cultivated 
D.  kaki,  but  the  fruit  is  greenish  yellow  and  of  an  unpleasant  flavor.  It 
is  the  size  of  a  small  plum  and  the  seeds  are  imperfect.  The  trees  are 
very  rare,  and  were  seen  only  once.  The  fact  that  the  priests  call  them 
the  "Shan  shi  tze,"  or  wild  persimmon,  may  be  an  indication  of  their 
being  the  prototj'pe  from  which  the  cultivated  strains  of  persimmons, 
in  northern  China  at  least,  have  been  derived. 

o  This  variety  was  apparently  described  by  OarriMe  as  Diotpym*  mtlala  in  ih* 
Revue  ITorticole,  1870,  p.  132,  aleo  1871,  p,  410,  where  a  colored  drawing  of  the  fruit 
is  given.  It  seems,  hon-ever.  that  the  Ooxtata  vuiety  of  kaki  of  the  American  trade 
is  quite  a  dilTerent  variety,  being  of  a  pointed  shape  and  only  very  slightly  furrowed. 


lipOiOand  ££ifii. 
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TUB    WILD   PEBaiHHON. 

[Chinesb  n&he,  "Ghae  tsao,"  me&uiug  black  date.] 

The  wild  persimmon  (Diospyros  lotux),  upon  which  the  natives  of 
northern  China  bud  and  graft  all  their  cxiltivated  varieties,  grows 
wild  here  and  there  in  the  mountains  of  northern  China  (fig.  5).  In 
its  native  haunts  it  seems  to  love  protected  rocky  situations  in  ravines 
tJong  small  mountain  streams.  The  trees  do  not  grow  large;  some- 
times they  are  more  in  the  nature  of  a  big  shrub.  When  given  space 
and  good  soil,  however,  they  develop  into  good-sized  trees  with 


™-  i'-Tbe  Kild  perslmnian  tree  (Diotpirrot  Mat)  In  lu  natlva  habitat  In  the  mauDtoliu  near  Chmitll, 
num  PrvriiKc.Chbu.  This  tne  Is  ordlnaiUy  med  at  a  Mock  IDr  thi  Urge-frulied  edible  penlnunon. 
Inlnduclkia  Nog.  I7WS  and  17907. 

dense  heads  of  dark-green  foliage.  Old  trees  also  have  a  very 
dark-colored  trunk  which  is  deeply  grooved  and  furrowed  (fig.  6). 

It  is  a  mi3st  productive  bearer,  being  literally  covered  in  tlie 
sutumn  with  small  blackish  fruits  the  size  of  large  cherries.  The 
(ruits  are  edible  when  soft  or  after  a  frost,  but  there  is  very  little 
fl*sli  to  them,  as  they  contain  from  three  to  five  rather  lai^e  seeds. 
•^ildren  are  very  fond  of  them,  and  a  tree  of  this  variety  in  a  yard 
»ill  certainly  be  worth  its  space. 

In  China,  where  everything  is  of  value,  this  fruit  is  sold  in  lai^ 
<)uuitities,  especially  in  the  neighborhood  of  Changli,  Chihli  Province, 
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and  travelers  passing  through  on  the  railroad  from  Peking  to  Hukdn 
in  the  fail  of  Uie  year  are  certain  to  see  boys  and  men  coming  to  the 
train  and  offering  baskets  of  these  small  persimmons,  together  vitli 
walnuts,  grapes,  chestnuts,  peanuts,  and  other  natural  delicacies. 
In  their  wild  state  the  trees  vary  considerably  in  productiTenm, 
size,  and  color  of  the  fruit 
Near  Changh  there  are  * 
few  trees  that  have  de- 
cidedly elongated  berries, 
covered    with    a  bluish 
bloom  and  very  sweet  to 
the  taste.  In  the  PangBhan 
district   there   are  one  or 
two  trees  bearing  ^obultr 
fruit,  which  is  perfectlT 
seedless;  and  in  the  moun- 
tains  southwest  of  Pto- 
tingfu,  small,  yellow-fniit- 
ed  varieties  are  occauoQ- 
ally  found. 

As  a  stock,  howerer, 
this  persimmon  may  give 
to  its  grafted  host  a  nueli 
longer  life  than  the  native 
American  persimmoD 
seems  to  be  able  to,  for  in 
China  all  the  cultivated 
persinunons  grow  much 

Fro.  6.— The  trunk  ol  a  large  apedmen  ol  Itaa  wtid  peralnunoii      older  than  they  do  lU  Ainer- 

Xu^^^J""*' """^ '"  ""^^  *"*  """**"*     ■''*■     ^  *°™*   varieties 
there,   one   finds   trees 
grafted  on  tliis  D.  lotiis  that  are  centuries  old  and  still  very  pro- 
ductive.    (See  fig.  1.)     (S.  P.  I.  Nos.  17173,  17905  to   17907,  18266, 
18599,  19395,  22370,  and  22599.) 

FEACHBS. 

[Chinbse  namb,  "Tau"  and 


CULTIVATED   VARIETIES, 


As  is  well  known,  China  is  supposed  to  be  the  original  home  of  the 
peacli  (Amygdalus  persica).  Whether  tliis  is  correct  has  not  been 
settled,  for  peaches  have  been  found  wild  in  the  southern  Himalayis 
near  Mussuri,  according  to  Royle,  and  in  the  province  of  Ghilan  in  * 
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Persia,  according  to  Buhse ;  ^  and  the  writer  has  been  assured  by 
najtive  Persians  and  by  travelers  that  small  hard  peaches  occur  wild 
in  the  mountains  of  northern  .Persia.  But  the  question  of  whether 
or  not  the  peach  came  from  China  we  shall  not  raise  here.  So  far  as 
we  know  at  present,  three  important  strains  of  peaches  have  been 
developed  in  Chma,  i.  e.,  the  Chinese  Cling  group,  the  Honey  group, 
and  the  Peento  group.  That  these  groups  have  proved  more  suc- 
cessful in  the  southern  portions  of  the  United  States  than  the  vari- 
eties introduced  from  Europe  is  also  certain,  and  that  some  of  omr 
most  important  commercial  varieties  to-day  are  wholly  or  partly 
of  Chinese  origin  has  been  proved  indisputably.* 

The  Chinese  Cling  group  reaches  its  greatest  perfection  in  those 
parts  of  China  where  the  summer  is  hot  and  fairly  dry  and  the  winter 
moderately  cold  and  dry.  The  Honey  group  is  to  be  found  mainly 
in  the  more  southern  and  central  parts,  where  the  summers  are  hot 
and  humid,  while  the  winters  are  mild  and  wet.  The  last  group,  the 
"peen"  peaches,  apparently  thrives  everywhere,  from  the  extreme 
south  to  the  north;  but  it  is  the  least  grown  of  all  the  peaches  in  China, 
and  it  is  only  in  the  extreme  south  where  the  better,  larger  varieties 
of  peaches  fail  that  the  little  Peen  peaches  are  cultivated  somewhat 
extensivelv. 

In  China  the  thriftiest  and  healthiest  peach  trees  are  always  seen 
at  the  foot  of  a  mountain  or  a  hill,  growing  in  decomposed  rocky 
or  sandy  soil,  and  it  is  in  such  locations  also  that  the  fruit  has  the 
finest  flavor.  In  the  neighborhood  of  large  cities,  like  Shanghai,  one 
finds  peaches  grown  on  rather  low,  rich  land,  but  the  trees  have  so 
many  diseases  to  battle  with  and  the  fruit  is  so  watery  that  one 
clearly  sees  that  such  places  are  not  congenial  to  the  habits  of  the 
peach. 

In  general,  a  Chinese  peach  orchard  contains  many  different 
varieties.  Seedhngs  and  budded  trees  are  mixed  in  an  irregular 
planting.  Pruning  is  not  resorted  to,  but  the  soil  is  kept  in  a  high 
state  of  cultivation  so  as  to  minimize  the  danger  of  the  trees  suffering 
from  a  lack  of  sufficient  moisture.  In  case  the  season  is  very  dry 
and  water  is  available,  the  Chinese  often  irrigate  their  trees,  for  it 
gives  them  much  larger  fruit. 

As  to  the  variation  of  peaches  in  China,  it  is  as  great  as,  if  not  greater 
than,  anywhere  else.  Of  the  Chinese  Cling  group,  there  are  some 
most  excellent  varieties  to  be  found  in  northern  China.  The  best  of 
them  all  is  the  "Fei  tau,"  or  Fei  peach  (see  PI.  IV,  fig.  1),  Feitcheng 

a  Hehn,  Vict<»r.    Eulturpflanzen  und  Hausthiere,  in  ihrem  tj^beigang  aus  Asien,  etc. 
^Powell,  G.  Harold.    The  Chinese  Cling  Group  of  Peaches.    BuUetin  54,  Delaware 
(^EiUege  Agricultural  Experiment  Station. 
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being    the    name    of   a   village    where    the    orchards   are   located. 
These  peaches  grow  to  a  large  size,  often  weighing  over  1  pound 
apiece,  and  are  of  a  soft,  pale-yellowish  color  externally,  with  a  slight 
blush  on  one  side.     The  meat  is  white  except  near  the  stone,  where  it 
is  slightly  red.    The  fruit  is  a  clingstone  with  a  very  large,  pointed 
stone.     The  skin  is  very  downy.     The  fruit  ripens  in  the  early  and 
middle  part  of  October  and  has  an  excellent  flavor,  being  sweet  and 
aromatic.     It  possesses  extraordinary  keeping  and  shipping  quali- 
ties, keeping  until  February  if  wrapped  in  soft  tissue  paper.    Its 
shipping  qualities  are  such  that  it  is  carried  in  baskets,  slung  on  poles 
across  the  shoulders  of  coolies,  from  Feitcheng  to  Peking,  a  jouraey 
of  eight  days  on  foot.     So  famous  is  this  peach  that  it  is  sent  every 
year  as  a  tribute  or  present  to  the  imperial  court  at  Peking;  and  even 
right  on  the  spot  where  this  fruit  grows  the  most  perfect  specimens 
retail  at  from  10  to  15  cents  apiece  in  Mexican  money,  a  price  which 
is  about  two-thirds  that  of  the  average  daily  wages  of  the  Chinese 
field  laborer. 

Another  fine  variety  of  peach  grows  near  Hsinchow,  south  of  Pau- 
tingfu,  in  the  Chihli  Province.  The  writer  has  seen  specimens  of  this 
peach  in  Tientsin  that  were  fully  as  large  as  good-sized  navel  oranges. 
They  are  of  a  pale,  whitish-green  color,  with  almost  no  blush,  and 
very  juicy  and  sweet,  though  not  aromatic  like  the  Fei  peach.  They 
are  clingstones,  the  seed  being  medium  large.  They  are  not  ven* 
downy,  and  ripen  toward  the  end  of  October.  They  are  exported  to 
all  the  large  cities  of  northern  China,  and  can  rarely  be  purchased  in 
the  open  markets,  as  they  are  apparently  nearly  always  supphed  to 
private  customers. 

Another  variety,  found  near  Shanghai,  is  the  "Tsu  mau  tau,"  a 
large  fruit  with  whitish  meat,  changing  to  red  near  the  stone,  some- 
thing like  our  Chinese  Cling. 

There  are  several  strains  of  the  "Hong  tau,"  or  red  peach,  growing 
in  the  Chekiang,  Chihli,  Shantung,  and  Shansi  provinces,  and  even 
in  Manchuria.  Some  of  these  peaches  are  blood  red  and  when  cut 
through  look  more  like  a  beet  root  than  anything  else.  One  variety 
in  Shansi  is  even  called  the  "Rho  tau,*'  or  beef  peach,  so  much  does 
it  resemble  meat.  These,  so  far  as  has  been  observed,  are  not  so 
sweet  as  the  Peento  group  of  peaches. 

Of  the  Honey  peaches  there  are  also  several  varieties  in  China.  In 
the  wShantung  Province,  especially,  there  seem  to  be  some  very  fine 
types.  One  which  the  writer  ate  in  Taingtau  was  a  large,  white- 
meated  freestone  of  a  very  pronounced  Honey-type  shape,  called 
"Yang  tau*'  by  the  natives. 

Of  the  flat  or  Peen  peaches  there  are  several  varieties.  Some 
thrive  in  the  moist  southern  regions  of  the  Empire,  others  are  to  be 
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found  even  at  the  edge  of  Manchuria.  The  writer  has  noticed  green- 
ish, red,  yellowish;  and  white  types,  varying  a  good  deal  in  size  and 
appearance. 

In  the  Chekiang  Province  there  is  a  red  flat  peach  which  ripens 
in  June  and  is  called  ''Hong  peento/'  or  red  flat  peach.  A  white 
Tariety  occurs  in  the  neighborhood  of  Shanghai,  bearing  the  name 
"Pak  peento,"  meaning  white  flat  peach.  In  the  Shantung  Province 
there  are  some  excellent  sweet  flat  peaches.  Near  Kiaochou  one 
variety  is  called  "Pai  pien  tau"-and  is  deliciously  sweet  and  juicy. 
A  yellowish  variety  coming  from  central  Shantung  is  also  very  fine. 
It  is  called  "Huang  peento/'  or  yellow  flat  peach. 

There  are  several  forms  of  peaches  in  China  that  are  intermediate 
between  the  different  groups  and  can  not  be  assigned  to  classes  by 
themselves. 

How  far  the  peaches  of  northern  China  may  make  it  possible  for 
us  to  extend  the  peach  belt  northward  by  using  them  in  hybridization 
is  a  question  that  might  be  well  worth  consideration.  In  the  city  of 
Kirin,  Manchuria,  where  the  thermometer  sometimes  drops  to  —  40° 
F.,  there  grows  a  small-fruited  variety  in  a  temple  garden;  and  Prof. 
N.  E.  Hansen,  of  the  South  Dakota  State  College  of  Agriculture,  has 
stated  that  rumors  reached  him  on  his  last  trip  through  Siberia  of 
peaches  growing  in  northeastern  Mongolia,  where  the  winters  are  very 
severe  and  very  little  or  no  snow  covers  the  ground  at  that  season. 

One  great  difficulty  in  shipping  bud  wood  of  peaches  is  the  fact  that 
it  does  not  travel  very  well.  On  the  long  journey  over  sea  and  land 
from  China  to  America  the  buds  become  spoiled,  although  the  wood 
may  remain  green  and  healthy.  Owing  in  part  to  this  fact,  many 
excellent  varieties  of  Chinese  peaches  have  not  as  yet  been  success- 
fully introduced. 

NECTARINES. 

Nectarines  {Amygdalus  persica  nectarina)  are  apparently  very 
rare  in  China,  as  the  writer  heard  of  them  only  a  few  times.  Bud 
wood  was  obtained  but  once,  and  that  was  in  Kwangning,  Manchuria, 
where  this  fruit  is  called  **Ta  hsing-mei." 

THE   ORIGINAL   WILD   PEACH. 

[Chinese  name,  "Shan  tau  Bhii,"  meaning  wild  peach  tree.] 

In  connection  with  the  cultivated  peaches  a  few  words  about  a 
peculiar  wild  Amygdalus  will  not  be  out  of  place.  This  species, 
Amygdalus  davidiana,  was  observed  growing  wild  on  the  rocty  south 
slopes  of  mountains  in  the  neighborhood  of  Peking,  Jehol,  and  in  the 
neighborhood  of  Taitchow,  Shansi  Province  (tig.  7).  The  plants  in 
the  wild  state  always  grow  shrubby  and  are  from  a  few  feet  to  10 
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or  12  feet  lugh;  but  when  planted  in  gardens  as  omameDtals,  as  one 
often  sees  them  in  Peking,  Tientsin,  Chinanfu,  etc.,  they  reach  a 
)ieight  of  30  to  40  feet  and  form  a  single  trunk,  sometimes  over 
afoot  in  diameter  (see  PI.  V,  fig.  1).  The  oultivated  plants  van-  a 
good  deal  in  the  color  of  their  flowers,  which  ranges  from  whit*  to 
dark  rose.  The  flowering  period  lasts  but  a  very  short  time,  but  as 
the  trees  bear  graceful  dark-green  foliage  after  their  flowering  the? 
are  quite  ornamental. 

The  greatest  value,  however,  that  these  wild  peaches  have  for  ua 
is  not  60  much  in  their  ornamental  appearance  as  in  their  use  as  a 

stock  for  almost  all 
members  of  the 
stone-fruit  group. 
The  Chinese  graft 
and  bud  upon  them 
not  only  peaches  but 
plums,  "bush  cher- 
ries" (JPruatt*  fonwn- 
tosa),  flowering 
plums,  and  cherries, 
and  all  of  these 
thrive  upon  this 
stock.  They  are  also 
remarkably  drought 
resistant,  and  as  far 

rooks  In  tiM  mountalos  near   Fuigtlum,  ChlhU  prorlDce.  Chink. 

TbLt  v&riely  b  cammonly  used  u  a  Stock  In  China.    nitradiKUoii      periments  shoW  thCY 

'^"■^^'"^  thrive    equally    well 

at  Ames,  Iowa,  and  at  San  Antonio,  Tex.  From  the  nature  of  the 
tree  it  will  do  especially  well  in  those  sections  of  the  United  States 
where  there  is  only  a  limited  summer  rainfall  and  where  winter  tem- 
peratures do  not  fall  too  low. 

The  kernels  of  these  wild  peaches  are  used  to  flavor  confectionery 
and  some  special  dishes,  but  as  they  are  full  of  prussic  acid  only  very 
small  quantities  are  used.  The  stones  themselves  are  often  made 
into  rosaries,  which  the  Buddhist  priests  use  in  their  worship.  Being 
deeply  and  irregularly  grooved  they  are  very  artistic  when  cleaned 
and  polished.  (S.  P.  I.  Nos.  17470,  17729  to  17731,  18262,  18595, 
21227,  2190S,  and  22009.) 

APRICOTS. 

[Chinese  naub,  "Heiug,"  and  other  names.] 

The  apricot  {Prunns  armenia-ca)  is  found  in  a  wild  state  in  many 
l)laces  in  northern  China,  Manchuria,  and  northern  Korea,  and  there- 
fore it  is  no  surprise  to  find  it  growing  as  a  fruit  tree  on  a  large 
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scale.    There   are  red,   orange,   yellow,   red-and-white,   and  white- 
spotted  varieties  in  cultivation.     In  size  there  is  also  great  variation. 

The  (liinese  bud  and  graft  their  apricots  upon  seedling  apricot 
stock  and  also  upon  the  wild  peach  (Amygdalus  datndiana).  The 
trees  generally  are  not  grown  in  regular  orchards,  but  in  small  lots 
of  a  few  trees  each.  A  decomposed  granite  or  gravelly  soil  is  pre- 
ferred, and  the  trees  thrive  especially  well  on  terraces  on  the  mountain 
sides. 

The  Shantung  Province  is  famous  for  its  fine  apricots,  and  there 
are  several  varieties  there  that  are  well  worth  introducing.  There 
is  also  a  stram  of  apricots  in  the  Chihli  Province  that  has  sweet 
edible  kernels.  These  kernels  are  sold  as  almonds  and  have  created 
the  unpression  that  the  almond  occurs  in  China.  However,  I  have 
never  seen  a  single  tnie  almond  tree  in  China,  although  I  believe 
that  in  certain  sections  they  would  grow  to  perfection. 

Apricots  are  nearly  always  eaten  in  China  when  not  quite  ripe, 
even  small,  hard,  green  fruit  being  eagerly  eaten  in  early  summer. 
Some  of  the  less  juicy  and  more  acid  varieties  are  cut  in  half  and 
dried  and  sold  during  the  winter  months  as  delicacies.  The  Chinese 
saj  that  a  tea  made  from  these  apricots  is  very  wholesome,  purifying 
the  blood  and  being  laxative.  Various  compotes  are  made  from  the 
ripe  and  partly  ripe  fruit  in  which  sugar  and  honey  play  a  considerable 
part.  Some  of  these  delicacies  are  very  good.  (S.  P.  I.  Xos.  17152, 
17154,  20067,  20072,  22344,  22437,  22444  to  22446,  and  22580.) 

WILD  APRICOTS  OF  NORTHERN  CHINA,  MANCHURIA,   EASTERN  SIBERIA, 

AND  NORTHERN  KOREA. 

It  has  been  proved  that  the  apricot  is  able  to  stand  far  more  cold 
and  drought  than  is  at  present  supposed.  One  finds  the  shrubby 
wild  apricots  all  over  the  mountains  of  northern  China  and  southern 
Manchuria,  and  forms  which  develop  into  regular  trees  occur  in 
northern  Korea,  northern  Manchuria,  and  eastern  Siberia.  The 
writer  observed  giant  apricot  trees  growing  in  a  mountain  ravine 
near  Tchangsong  in  northern  Korea,  fully  40  feet  tall,  the  trunk  of 
one  measuring  10  feet  in  circumference.  The  fruit,  though,  is  small 
and  worthless,  but  as  a  stock  plant  and  for  hybridization  purposes  it 
niight  be  of  very  great  value. 

That  in  the  future  large  sections  of  the  United  States  will  be  able 
to  grow  apricots  where  now  there  are  none  can  be  readilj"  shown,  for 
some  of  these  Asiatic  apricots  have  proved  to  be  hardy  at  Boston, 
Mass.,  and  even  in  the  trying  climate  of  Wisconsin.  At  the  present 
time  there  is  a  lai^e  specimen  of  a  central  Asian  apricot  tree  groining 
in  the  grounds  of  the  State  Agricultural  Experiment  Station  at 
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Madison,  Wis.,  and  it  has  been  thriving  there  for  at  least  thirty  jeais, 
without  having  suffered  in  the  least  from  the  low  temperatures  occur 
sionally  experienced  there.  (S.  P.  I.  Xos.  16917,  18290,  19489,  and 
20068  to  20071.) 

PLT7K8. 

The  plum  (Pranus  sp.)  is  a  fruit  which  is  not  very  highly  esteemed 
in  China.  Whether  this  is  on  account  of  its  softness  and  its  nonship- 
ping  qualities  or  whether  because  of  its  sourness  we  do  not  know, 
but  plums  do  not  form  a  big  item  in  the  fruit  production  of  China. 

The  Shantung  Province,  which  is  the  finest  fruit-growing  region  of 
northern  China,  suppUes  the  best  plums,  large  red  and  yeUow  ones 
being  even  exported  to  various  coast  towns.  In  Peking  one  is  able 
to  obtain  plums  of  one  variety  as  late  as  the  middle  of  November. 
This  particular  plum  is  yellowish  green,  with  a  shght  blush  on  one 
side,  and  is  of  quite  a  sweet  flavor.  It  is  a  fre^tone.  (S.  P.  I.  No. 
17913.)  There  are  a  few  other  varieties  grown  in  the  neighboriiood 
of  Peking,  but  the  writer  saw  the  trees  only  when  the  fruit  was  gone 
and  therefore  could  not  obtain  samples.  Plums  are  grown  in  several 
places  in  Manchuria,  as  in  Kwangning,  Liaoyang,  and  Kirin.  In  this 
last  place  there  is  a  red-fruited  variety  of  medium  size,  not  very  fine 
eating,  but  excellent  for  preserves.  As  the  cold  gets  very  intense  in 
Kirin,  these  plums  may  prove  to  be  valuable  in  breeding.  (S.  P.  I. 
No.  20241.) 

The  farthest  north,  however,  that  the  writer  found  plums  was  in 
Khabarovsk.  There,  in  the  garden  of  Gen.  M.  Vedenski,  he  obtained 
bud  wood  of  a  yellow  plum  of  good  flavor  that  is  able  to  withstand, 
unprotected,  winter  temperatures  of  —45®  F.     (S.  P.  I.  No.  19605.) 

In  central  China  are  found  peculiar  plums.  One  apparently 
belongs  to  the  species  Prunus  triflora.  Another  kind  produces  green 
fruit  which  is  exported  extensively,  preserved  in  sirup  or  dried.  It 
is  of  a  beautiful  green  color  and  is  much  used  in  confectionery. 
The  local  name  is  '*Shing  mae."  It  is  probably  a  form  of  Prunus 
mume. 

There  is  another  plum  which  has  the  appearance  of  an  apricot,  but 
is  sour  like  the  plum.  It  is  very  fragrant,  has  a  downy,  dull-yellow 
skin,  and  is  a  chngstone.  The  stones  are  pecuUarly  grooved,  looking 
like  wild-almond  stones.  This  plum  may  be  a  hybrid  between  an 
apricot  and  a  peach,  or  perhaps  a  new  kind  altogether. 

In  the  Shantung  Province  there  grows  a  plumcot,  called  by  the 
Chinese '  'Lishing,"  which  means  plum-apricot.  The  fruit  is  laige,  red, 
and  very  sweet  and  aromatic.  There  seem  to  be  about  three  known 
varieties  of  it,  and  the  best  ones  are  said  to  come  from  the  neigh- 
borhood of  Chingchowfu,  Shantung  Province.  The  few  trees  of  this 
remarkable  fruit  that  were  seen  by  the  writer  had  all  the  appearance 
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in  leaves,  buds,  branches,  general  habits,  etc.,  of  hybrids  between 
the  apricot  and  the  plum.  They  are  ail  grafted  upon  seedling  plum 
stock. 

A  species  of  very  hardy  wild  plum  occurs  in  northern  Korea  and 
eastern  Siberia.  It  is  tall  and  slirubby  in  growth,  is  found  in  high 
meadows  or  among  bowlders,  and  bears  large  quantities  of  very  sour 
blue  plums  of  medium  size.     (S.  P.  I.  Nos.  20073  and  20343.) 


[CHiNEaK  NAME,  "  Ying  tfto'rh."] 

The  real  sweet  cherries  (Prunus  avium)  do  not  seem  to  occur  in 
northern  and  eastern  China,  but  instead  of  them  they  have  in  the 
mobt ,  mild-  win  t  ered 
regions  of  the  Yang- 
tze Valley  the  ordi- 
nary Chinese  sour 
cherries  {P  run  us 
^(udo-terasus) ,  the 
Iniit  of  which  is 
r&thersmall  andgen- 
fralJy  sour  but  very 
early. 

An  example  of  this 
earliness  is  found  in 
the  fact  that  a  scion 
of  one  of  these  cher- 
ries (a  sweet  variety) 
was  grafted  in  the 
spring  of  1906  upon 

an  »ni:..c».  ir.^    „„     1  Flo.  a— :V  hetvil^  loadrf  branch  of  a  lonte-milled  variety  ol  the 

an  ordmary  Mazzanl  chl^  „t,u,h  Cherry"  (Pm-.^  wn«»«*,>  in  a  |»rden  In  Fong. 

Chprry  in  the  United  wHangrhenn,  Manchuria.    Introdiirtlon  Nos.  16918,  17732,  17733, 

e.    .        Til       .    T    .  21ICP7S,  20240, 20287, 202S8,  and  2192*. 

Slates  Plant  Intro- 

Juction  Garden  at  Chico,  Cal.,  and  the  following  year  it  bore  fniit 
which  was  half  grown  on  April  12,  at  a  time  when  other  cherries  were 
just  in  bloom.     {S.  P.  I.  Xo.  185S7.) 

The  most  common  cherries  in  northern  China  are  the  "bush  cher- 
ries" {Prunus  tomenlosa)  {fig.  8).  These  grow  wild  in  the  mountains 
of  northern  China,  Manchuria,  and  Korea,  and  are  found  in  dry, 
nwky  places.  In  a  wild  state  they  are  densely  branched  shrubs. 
Wring  very  small  red  fruit;  the  leaves  are  very  tomentose.  When 
cultivated,  however,  the  plants  become  less  dense  in  growth,  the 
leaves  lose  their  hairiness  to  a  great  extent,  and  the  fruit  becomes 
^^er.  There  are  varieties  having  fruit  large  enough  to  be  worth 
consideration  as  a  dessert   fruit  for  localities  where  our  ordinary 
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cherries  fail.     The  Rocky  Mountain  regions  and  the  regions  farther 
south  should  be  excellent  for  these  bush  cherries. 

In  propagating  these  plants  the  Chinese  use  three  methods;  L  e., 
layering,  division,  and  budding  upon  the  wild  peach  (Amygddlus 
davidiana).  The  first  two  methods  are  but  sparingly  employed  on 
accQunt  of  the  great  difficulties  experienced  in  northern  C^ina  in 
transplanting  small-rooted  plants,  either  in  autumn  or  in  spring,  for 
both  seasons  are  very  dry;  the  last  rains  fall  in  September  and  the 
first  rains  often  do  not  come  until  late  in  June.  They  find,  therefore, 
that  the  best  way  to  multiply  these  bush  cherries  is  to  bud  or  graft 
them  upon  the  wild  peach,  which  seems  to  be  a  very  congenial  stock 
and  upon  which  they  make  an  even  faster  growth  than  when  left  on 
their  own  roots. 

These  Chinese  bush  cherries  prefer  a  decomposed  rocky  soil,  but  do 
well  in  almost  all  other  soils  when  properly  cared  for.  In  the  garden 
of  Mr.  and  Mrs.  Lykkegaard,  of  the  Danish  Mission  in  Fongwhang- 
cheng,  Manchuria,  they  thrive  even  under  the  shade  of  taU  elms,  and 
when  seen  on  June  30,  1906,  bore  masses  of  fruit.  The  preserres 
which  Mrs.  Lykkegaard  gave  the  writer  to  sample  were  excellent. 
It  is  thought  that  this  cherry  has  a  future  before  it  in  America. 
(S.  P.  I.  Nos.  16918,  17732,  17733,  20075,  20240,  20287,  20288, 
and  21924.) 

There  is  also  another  cherry  sparingly  grown  in  northern  China, 
a  small  tree  or  large  shrub  which  has  leaves  and  fruits  more  like  our 
ordinary  cherries,  but  which  grows  very  dense  and  seems  to  be  far  less 
hardy  than  the  bush  cherries.  It  is  probably  the  Prunus  paucijlora 
of  Bunge.  It  is  sparingly  cultivated  in  the  neighborhood  of  Peking, 
but  in  the  protected  mountain  valleys  of  the  coast  region  of  the 
Shantung  Province  several  orchards  of  it  were  seen.  It  is  not  at  all 
a  common  fruit  tree.     (S.  P.  I.  No.  22361.) 

There  is  also  a  wild  dwarf  cherry  or  plum  (perhaps  Prunus  hufnUii) 
growing  in  northern  China,  Manchuria,  Korea,  and  eastern  Siberia. 
The  shrubs  grow  from  1  to  3  feet  high,  occur  on  stony  and  sandy  soils, 
and  bear  multitudes  of  scarlet  fruits  which  are  generally  inedible  on 
account  of  their  sour  and  acrid  properties.  Some  plants,  howerer, 
produce  slightly  sweet  fruit  that  can  be  eaten  raw.  The  writer 
never  cooked  it  but  thinks  that  it  would  make  good  preserves. 
This  dwarf  cheriy  can  very  well  be  used  as  an  ornament  in  gardens 
and  rockeries.  Its  greatest  value,  however,  lies  in  the  fact  that  it  can 
be  utilized  in  breeding  experiments.  It  may  also  become  a  fruiting 
shrub  in  those  regions  where  fruit  growing  is  now  an  impossibility. 
(S.  P.  I.  Nos.  20076,  20085  to  20088  and  20342.) 
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PBABS. 
[Chinese  name,  **Li."] 

CULTIVATED  VARIETIES. 

Next  to  the  peach,  the  pear  (Pyrus  chinensis)  is  probably  the  most 
highly  appreciated  fruit  of  northern  China.  Numerous  varieties  are 
grown,  but  not  all  of  them  are  fit  to  be  introduced  into  our  western 
lands  as  acquisitions,  for  many  of  them  are  but  seedlings  and  produce 
worthless  fruit. 

The  Chinese  grow  their  pears  for  the  greater  part  on  terraced 
fields  and  patches  in  the  mountains;  but  in  some  regions,  as  to  the 
south  of  Peking,  where  the  soil  is  sandy  and  is  easily  blown  about, 
one  finds  whole  orchards  of  good  peara  growing  upon  the  plains. 

There  is  a  story  current  among  the  foreign  residents  in  China  that 
a  certain  newcomer  was  asked  his  opinion  of  the  Chinese  pears. 
**Well,"  he  said,  **it  depends  on  what  you  eat  them  as;  as  turnips 
they  are  certainly  fine,  but  as  pears  I  would  rather  not  express  any 
opmion."  This  statement  is  true  so  far  as  the  greater  number  of 
the  Chinese  pears  is  concerned,  but  there  are  a  few  very  good  ones  in 
China  that  are  well  worth  cultivation  by  western  people. 

The  best  pear  of  northern  China  is,  in  the  opinion  of  the  writer, 
the  quince  pear,  or,  in  Chinese,  *' Ya  kwam  li.''  This  pear  attains  a 
large  size,  often  weighing  more  than  one-half  pound;  has  a  some- 
what warty,  dull-yellow  skin,  looks  and  smells  like  a  quince,  and  has 
flesh  that  is  mellow,  juicy,  and  aromatic.  It  is  considered  so  good 
that  it  is  served  upon  the  tables  of  foreign  hotels  in  Peking  and 
Tientsin.  These  pears  do  not  bear  rough  shipment  very  well,  but 
when  carefully  handled  they  can  be  kept  for  the  greater  part  of  a  year. 
The  trees  prefer  a  sandy  soil  and  are  of  a  spreading  habit,  so  that  they 
require  a  great  deal  of  space.  (S.  P.  I.  Nos.  17724  and  21253.) 
There  is  also  a  smaller  variety  similar  to  this,  which  is  not  much 
grown,  as  the  fruit  does  not  bring  so  good  a  price  as  the  large  variety 
does.     (S.  P.  I.  No.  17726.) 

The' second-best  pear  is  the  so-called  **  Peking  pear,"  or,  in  Chinese, 
*Tai  K,"  meaning  white  pear.  This  pear  is  round  like  an  apple,  with 
a  short  peduncle,  a  waxy,  yellowish-white  color,  and  has  mellow 
flesh  of  a  sweet  flavor,  resembling  that  of  our  own  pears  very  much. 
It  ripens  late  and,  being  a  poor  keeper,  disappears  very  quickly 
from  the  markets.  There  is  some  variation  in  the  size  of  the  fruit  on 
different  trees.  Some  are  very  small,  others  large,  but  in  general 
this  Pai  li  is  rather  a  small-sized  fruit.  (S.  P.  I.  Nos.  16916,  17723, 
and  22432.) 
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Another  mellow  pear  of  pale-yellow  color  and  of  medium  size  and 
good  flavor  is  the  '^Pei  soo  li/'  a  rare  local  kind  grown  in  the  neigh- 
borhood of  Jehol.     (S.  P.  I.  No.  21928.) 

There  is  also  the  '^Ta  suan  li/'  meaning  big  sour  pear,  having  a 
very  short  peduncle  and  persistent  calyx.  It  is  greenish  yellow  in 
color.  It  remains  hard  until  spring,  then  becomes  mellow  and  has 
a  peculiar,  agreeable,  sour  taste.  It  is  excellent  for  making  into 
preserves  to  be  used  with  game  or  meat.  This  variety  grows  near 
Jehol,  China.     (S.  P.  I.  No.  21929.) 

Then  there  is  the  "Mien  suan  li,"  or  mealy  sour  pear,  which  doselj 
resembles  the  preceding  variety  and  grows  near  Kwangning,  Manchu- 
ria. (S.  P.  I.  No.  20260.)  Another  sour  variety,  called  the  "Mo 
pan  suan  U/'  or  grindstone  sour  pear,  is  similar  to  the  first-mentioned 
variety.  This  kind  grows  in  the  city  of  Liaoyang,  Manchuria. 
(S.  P.  I.  No.  20248.) 

Another  mellow  pear,  with  an  agreeable  tart  flavor,  is  the  ''Guarr 
li,''  growing  at  Jehol,  China.  This  variety  is  rather  small,  has  a  short 
peduncle,  is  of  yellow  color,  and  has  a  rosy-red  blush  on  one  side. 
(S.  P.  I.  No.  21931.) 

Besides  all  these  mellow  pears  there  are  a  great  number  of  hard 
pears  in  China  and,  strange  to  say,  the  Chinese  prefer  these  to  the 
soft  ones.  The  best  of  all  the  varieties  of  hard  pears  of  northern 
China  is  the  ''Ya^rh  h."  This  pear  is  of  large  size,  of  a  clear, 
light-yellow  color,  has  the  real  pear  shape,  with  a  veiy  long  peduncle 
and  a  nonpersistent  calyx.  The  flesh,  although  hard,  is  very  juicy 
and  sweet,  and  foreigners  come  to  like  it  as  much  as  the  natives 
do.  The  shipping  and  keeping  qualities  of  this  variety  are  excellent, 
and  it  is  to  be  obtained  in  northern  China  throughout  the  whole 
winter.  There  is  a  good  deal  of  variation  in  the  size  and  flavor  of 
the  fruit,  caused  by  the  difference  in  the  trees  or  by  locaUties,  but  on 
the  whole  this  "Ya'rh  U"  is  a  fine  large  pear,  well  worthy  of  being 
introduced.  (S.  P.  I.  Nos.  16924,  17178,  17726,  20233,  20234, 
20256,  22438,  and  22442.) 

Another  pear,  of  very  large  size,  ocher-yellow  in  color,  but  with 
coarse  flesh,  is  the  *'Ma  ti  huang  li,"  or  horseshoe  pear.  The  writer 
found  it  growing  in  gardens  in  Liaoyang  and  Kwangning,  in  Manchu- 
ria. (S.  P.  I.  Nos.  20247  and  20251.)  Another  kind,  famous  for 
its  fruit,  which  is  dried  and  put  up  in  boxes,  is  the  '^Hsiang  sui  li,'* 
or  fragrant  water,  pear.  It  grows  especially  well  in  the  city  of 
Liaoyang,  Manchuria,  and  every  year  a  present  of  a  number  of  boxes 
of  these  dried  pears  is  made  to  the  Emperor  at  Peking."  The  trees 
are  very  vigorous  growers,  but  apparently  shy  bearers.  They  can, 
however,  stand  a  good  deal  of  cold  and  grow  even  in  and  near  Kwang- 
chengtze,  Manchuria.     (S.  P.  I.  Nos.  20232,  20245,  and  20253.) 

<>  See  Hosie,  Alexander,  Manchuria. 
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Near  Kwangoing,  Manchuria,  one  finds  not  only  this  variety  but 
also ■  another,  called  the  "Huang  hsiang  8ui  li,"  or  yellow  fragrant 
water  pear.  (S.  P.  I.  No.  20271.)  Then  there  is  the  "Mi  li,"  or 
honey  pear,  a  local  variety  growing  in  the  Pangshan  district,  Chihli 
Province,  northern  China.  It  is  rather  small,  egg  shaped,  with  a 
very  long  peduncle,  a  canary-yellow  color,  a  hard  flesh,  but  veiy  juicy 
and  sweet,  and  is  a  good  keeper.     (S.  P.  I.  No.  21912.) 

The  "Ten  U,"  a  rare  local  variety  at  Jehol,  b  of  medium  size,  of 
a  dark  canary-yellow  color,  hard  fleshed,  but  juicy  and  very  sweet. 
It  also  is  a  good  keeper.     (S.  P.  I.  No.  21930.) 

The  pears  of  western  Shansi,  of  the  Kwohsien  district,  are  famous 
for  their  extraordinary  keeping  quahties.  The  "Yoh  li,"  or  oil 
pear  (fig,  9),  for  instance,  can  be  kept  for  more  than  a  year."  This 
pear  is  round-oblong  in  shape,  with  a  long  peduncle,  is  of  a  straw- 
yellow  color  with  a  reddish  cheek,  very  fragrant,  and,  although  of 
hard  flesh,  is  very  juicy  and  sweet.     These  pears  are  covered  with  a 


fatty  substance,  which  perhaps  explains  their  keeping  qualities  and 
has  given  them  their  name,  oil  pear.  The  trees  of  this  variety  have 
a  veiy  spreading  habit  and  grow  to  be  very  old,  even  near  a  century 
and  a  half. 

A  second  one  of  these  Kwohsien  pears  is  the  "Ben  !i,"  or  furrowed 
pear  {fig.  9).  This  is  of  medium  size  and  apple  shaped,  with  a 
long  peduncle.  It  has  four  more  or  less  deeply  impressed  furrows 
near  the  peduncle.  It  is  a  good  keeper,  but  has  not  so  fine  a  flavor 
as  the  "Yoh  li."  The  trees  of  this  variety  grow  with  semi-erect 
branches  and  do  not  attain  as  great  an  ago  as  the  preceding  variety. 

The  third  good  variety  of  this  Kwohsien  district  is  the  "Huang 
li,"  or  yellow  pear  (fig.  9).  It  is  generally  of  lai^e  size,  oblong  in 
iihape,  with  long  peduncle,  of  a  pale-yellow  color,  and  fragrant;  the 
flesh,  although  hard,  is  very  juicy  and  sweet.  It  also  is  a  good  keeper. 
The  trees  have  very  erect  branches. 
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In  the  Shantung  Province  there  are  some  very  large  pears.  The 
''O  li''  often  weighs  1^  pounds,  is  green  in  color,  and  has  hard  fle^. 
The  *'Siu  hua  ll"  is  a  large  yellow  pear  of  the  same  province.  This 
pear  is  so  flat  that  the  vertical  diameter  is  only  one-third  of  the  hori- 
zontal, the  shape  making  it  look  like  a  curiously  flattened  apple. 

A  pear  of  the  Pangshan  district,  Chihli  Province,  called  the  *'Ma 
li,''  or  horse  pear,  is  barrel  shaped,  with  a  long  ]>eduncle,  of  pale- 
straw  color,  and  hard  but  juicy.  It  is  a  very  good  keeper  and 
shipper.     (S.  P.  I.  No.  21914.) 

There  is  a  group  of  red  pears  in  northern  China,  all  of  which  are 
apple  shaped  and  remarkable  keepers  and  shipp>ers.  One  found  in  the 
Poliping  region,  west  of  Peking,  is  called  ''Hong  hsau  li."  (S.  P.  I. 
No.  22439.)  Then  there  is  the  *'Hong  li,''  or  red  pear,  of  this 
group.  Several  varieties  of  it  come  from  Tongchangdi,  Shansi; 
Pangshan,  Chihli;  and  Kwangning,  Manchuria.  (S.  P.  I.  Nos. 
20257  and  21911.)  Another  of  these  red  pears  is  the  "Hong  bo  li," 
from  near  Pautingfu,  Chihli  Province.  (S.  P.  I.  No.  22443.)  Still 
another  is  the  '^Shui  hong  hsiau  li,''  from  Liaoyang,  Manchuria. 
(S.  P.  I.  No.  20244.) 

All  these  pears  are  hard  fleshed,  of  medium  size,  of  slightly  sour 
taste,  and  look  so  much  like  apples  that  one  often  has  to  examine  them 
closely  to  detect  the  difference.  There  are  also  a  number  of  mediocre 
pears  in  various  places  in  northern  China,  like  the  *'Bay  li,"  from 
Kwangchengtze,  the  "Kuan  hung  hsian  li,"  from  Kwangning,  Man- 
churia, which,  we  were  informed,  is  grown  only  for  the  Emperor's 
use,  and  all  the  trees  of  which  are  known  to  the  magistrate  of  the  dis- 
trict. The  ''Liu  yuea  li,"  from  Kwangning,  Manchuria,  needs  to  be 
kept  for  six  months  before  it  acquires  the  right  flavor,  while  the  "Ta 
yang  li,"  from  the  same  district,  needs  to  be  boxed  for  a  month  before 
it  is  in  condition  to  eat.  The  "Chin  tze  li,"  from  Kwangning,  Man- 
churia, is  said  to  have  excellent  keeping  qualities.  The  "  Yuan  po  li," 
the  ''Ta  li,"  the  " Yu  chm  li,"  the  "Chang  poa  li,"  the  "An  U,"  the 
"Mien  kuan  li,"  the  "Chin  pai  li,"  the  "Ta  ma  li,"  the  "Ping  dingli/' 
the  "Ghua  kai  li,"  all  from  Kwangning,  Manchuria,  and  the  "Tang 
li,"  or  russet  pear,  from  the  Pangshan  district,  Chihli  Province,  and 
from  Kwangning,  Manchuria,  may  be  mentioned.  The  last  two  pears 
are  apple  shaped  and  have  a  russet  color  like  the  Japanese  pears. 
They  are  good  shippers  and  keepers,  but  the  flesh  is  of  a  coarse  texture. 

Besides  the  varieties  named  there  are  scores  of  seedlings  in  almost 
every  orchard  that  produce  fruit  of  so  little  value  that  they  bear  no 
names.  As  a  whole,  however,  some  of  these  cultivated  varieties  of 
Chinese  pears  will  in  the  future  prove  to  be  of  very  great  value  to  the 
American  fruit  growers  who  will  use  them  for  breeding  hardier,  blight 
and  scale  resistant  varieties,  the  more  so,  as  we  can  point  already  to 
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our  Eieffer,  Le  Conte,  Garber,  and  some  minor  varieties  which 
possess  Chinese  blood  in  a  greater  or  less  degree  and  which  have 
made  pear  culture  possible  in  sections  of  the  United  States  where 
the  European  varieties  have  utterly  failed. 

WILD   PEARS   IN    NORTHERN   CHINA. 

There  are  a  few  species  of  wild  pears  (Pyrus)  in  northern  China 
which  are  of  great  importance  to  the  Chinese  and  may  become  so  to 
us.  The  true  Chinese  pear  (Pyrus  chinensis)  is  found  growing  spar- 
ingly in  copses  in  mountain  valleys  in  the  Chihli  and  Shantung 
provinces.  The  writer  always  found  these  trees  as  isolated  specimens. 
They  are  tall  trees  of  open  growth  and  bear  small  yellow  fruit  on  very 
long  peduncles.  The  calyx  is  deciduous.  The  leaves  are  few  but 
large,  long  pointed,  and  are  glossy  green  above  and  light  green  be- 
neath. The  trunks  have  a  light-brown  color;  the  bark  comes  of!  in 
strips  and  the  trunks  are  fairly  smooth.  This  type  of  tree  has  proba- 
bly given  rise  to  the  hard-fleshed,  yellow-fruited  strain  of  pears,  with 
deciduous  calyxes,  which  is  so  commonly  cultivated  in  northern  China. 
This  group  prefers  warm,  sheltered  nooks,  and  is  not  found  in  very  cold 
or  exposed  localities.     (S.  P.  I.  No.  17176.) 

There  is  another  type  of  wild  pear  quite  distinct  from  that  men- 
tioned above.  This  variety  is  found  on  the  plains,  at  the  foot  of 
mountains,  and  here  and  there  on  the  lower  slopes  of  mountains 
and  hills.  It  generally  grows  in  clumps  and  even  in  large  groves. 
The  trees  are  densely  headed  and  possess  spiny  branches.  The  fruit 
is  small  and  flat,  with  a  very  short  peduncle  and  a  persistent  calyx.  It 
is  greenish  yellow  in  color  and  astringent  and  inedible  before  freezing, 
but  after  a  heavy  frost  it  becomes  soft  and  yellow  and  has  a  slightly 
aour  taste.  The  trees  grow  to  large  dimeQsions  in  favorable  locali- 
ties. At  Shinglungshan,  northeast  of  Peking,  there  are  specimens 
that  grow  from  60  to  80  feet  high  and  have  trunks  from  2  to  3  feet  in 
diameter.  The  wood  has  a  fine  liglit-brown  color  and  is  utilized  in 
the  manufacture  of  printing  blocks  and  wooden  combs.  The  trunks 
are  of  a  blackish  color  and,  when  old,  deeply  furrowed.  This  variety, 
or  perhaps  species,  grows  in  the  colder  parts  of  northern  China,  in 
Manchuria,  and  eastern  Siberia,  and  improved  varieties  are  being 
grown  as  far  north  as  Khabarovsk,  where  the  mercury  is  frozen  nearly 
every  winter. 

This  species  of  pear  has  given  rise,  in  all  probability,  to  the  mellow- 
fleshed  pears  of  northern  China;  if  not  to  all  of  them,  certainly  to 
the'Ta  suan  li,"  the  '*Mo  pan  suan  li,''  and  the  '^Guarrli,''  all  three 
of  which  resemble  very  closely  the  wild  type.  (S.  P.  I.  Nos.  17177, 
19604,  20243,  20267,  20336,  20337,  21880,  21918,  and  21923.) 

Another  type  of  pear,  called  the  ''Tang  li,"  grows  wild  here  and 
there  in  the  Shantung  Province.     In  characteristics  it  stands  midway 
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between  the  two  last-mentioned  species.  The  trees  are  found  as 
isolated  specimens  and  look  very  much  like  the  real  Pyrus  chinensUy 
but  are  of  denser  growth  and  have  large,  beautiful,  glossy  leaves, 
while  the  fruits  are  rather  lai^,  have  medium-long  peduncles  and 
persistent  calyxes,  and  are  mealy  when  ripe.  Their  color  is  a  rusty 
brown.  A  small  group  of  pears,  the  "Tang  li"  group,  has  probably 
been  derived  from  this  strain  of  wild  pears.    (S.  P.  I.  No.  21983.) 

The  last  in  the  list  of  the  wild  pears  in  northern  China  is  the  Pynu 
betvJaefolia,  or  **Doh  li."  The  fruit  of  this  pear  does  not  grow  any 
larger  than  a  good-sized  green  pea.  It  hangs  in  bunches,  covering 
the  whole  tree,  is  brown  in  color,  and  does  not  become  soft  and 
edible  imtil  late  in  the  fall.  The  trees  generally  do  not  grow  veir 
tall,  but  form  extraordiliarily  dense  heads  of  branches.  One  often 
finds  well-developed  specimens  growing  on  the  alkaline  or  sandy 
plains.  They  thrive  equally  well  on  cliffs  and  along  streams,  but 
they  are  then  of  a  more  shrubby  nature.  This  pear  is  extensively 
used  as  a  stock  for  cultivated  varieties  in  those  parts  of  northern 
China  where  the  winter  is  not  too  severe.  It  stands  alkali  wonder- 
fully well  and  will  grow  even  in  pure  sand. 

The  Chinese  claim  that  this  pear  is  far  easier  to  grow  from  cut- 
tings than  to  raise  from  seed.  I  can  not  vouch  for  this  statement, 
but  I  know  that  the  people  apparently  always  have  some  stock  on 
hand,  though  it  has  often  a  wonderfully  straggling  habit.  This 
pear  may  be  of  use  to  us  as  a  shade  and  ornamental  tree,  being  cov- 
ered in  the  spring  with  an  amazing  quantity  of  flowers,  followed  by 
a  multitude  of  small  fruits,  which  hide  among  the  dense  mass  of 
foliage.     (wS.  P.  I.  Nos.  17727  and  21982.) 

APPLES. 
[Chin  ese  name  ,  ' '  Ping  kua. ' '] 

CULTIVATED  VARIETIES. 

The  apples  (Malus  spp.)  of  China  are  very  inferior  in  flavor  to  the 
western  kinds.  In  fact,  the  true  apple,  Malus  sylvestris,  does  not  do 
very  well  in  eastern  China,  and  beyond  a  few  specimens  in  the  gardens 
of  foreign  residents  it  seems  to  be  unknown  to  the  Chinese.  In  the 
Shantung  Province  and  in  some  parts  of  Mongolia  there  are  said  to 
be  native  apples  of  superior  flavor,  but  I  never  had  the  good  fortune  to 
come  across  them,  unless  it  were  some  apples  I  tasted  in  the  garden  of 
the  late  Doctor  Nevius,  an  American  missionary  in  Chefoo,  who  intro- 
duced many  kinds  of  western  fruits  into  China. 

The  larger,  whitish  varieties  of  apples  which  the  Chinese  cultivate 
seem  to  belong  to  the  Malus  irrunifcHia  group.  The  trees  have  a  wide- 
branching  growth;  the  leaves  are  tomentose,  ovate,  with  rounded 
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ends  and  long  petioles.  The  fruit  though  often  attractive  in  appear- 
ance is  soft,  spongy  in  texture,  and  insipid  in  flavor.  The  trees  do  not 
grow  in  very  cold  and  exposed  regions  and  do  not  seem  to  be  able  to 
stand  much  drought. 

Belonging  to  this  group  is  the  ^'Pai  ping  kua/'  or  white  apple,  from 
the  environs  of  Peking  and  Pautingfu.  The  fruit  varies  a  good  deal 
in  size.  It  is  much  used  for  preserves.  (S.  P.  I.  Nos.  22371  and 
22440.)  Mention  may  be  made  of  the  ''Hong  teng  ku/'  or  red  apple, 
from  near  Pautmgfu  (S.  P.  I.  No.  22372),  the  ''Sha  hoa  tze,"  a 
medium-sized  apple  of  whitish  color,  with  red  cheeks,  from  Kwang- 
chengtze,  Manchuria  (S.  P.  I.  No.  20230),  the  *'Ping  kua"  (S.  P.  I. 
No.  20280),  and  the  ''Pin  tze"  (S.  P.  I.  No.  20277),  from  Kwangning, 
Manchuria,  and  the  "Sa  kua,"  from  the  Pangshan  district,  northern 
China,  and  Kwangning,  Manchuria.  The  last  is  a  flat  apple,  like  the 
saucer  peach.  It  has  an  insipid  flavor  and  does  not  keep  well. 
(S.  P.  I.  Nos.  20276  and  21915.)  The  "Ly  tze"  is  a  sour  red  apple, 
also  of  a  flat  saucer-peach  shape  and  a  poor  keeper.  It  is  from  the 
Pangshan  district.     (S.  P.  I.  No.  21916.) 

There  is  another  group  of  apples  in  China,  the  trees  of  which  are  of 
large  growth,  the  branches  erect,  the  leaves  pointed,  very  Uttle 
iomentose,  or  even  glossy.  The  fruit  is  small,  mostly  of  a  red  color, 
and  though  often  mealy  is  generally  sour  in  flavor.  This  group 
stands  more  cold,  drought,  and  privation  than  the  first  class.  The 
trees  thrive  as  far  north  as  Khabarovsk,  on  the  forty-fourth  parallel 
of  latitude.  In  all  probability  they  have  been  derived  by  selection 
and  perhaps  hybridization  from  the  wild  crab  apple  (Malua  baccatajj 
whidi  is  abundant  all  over  northern  China,  Manchuria,  northern 
Korea^  and  eastern  Siberia. 

To  this  group  belong  the  "Hua  hong,"  a  laige  red  crab  apple 
growing  in  Kwangchengtze,  Manchuria  (S.  P.  I.  No.  20231),  the 
"Gai  tang,"  the  fruit  of  which  is  as  large  as  a  good-sized  cherry,  dark 
red  in  color,  with  a  bluish  blush,  and  growing  near  Jehol,  northern 
China  (S.  P.  I.  Nos.  21879  and  21927),  and  a  variety  called  by  the 
Russians  "Reinetka,"  growing  vigorously  in  Khabarovsk,  Siberia^ 
and  probably  the  same  as  the  "Hua  hong."     (S.  P.  I.  No.  19603.) 

THE   WILD   CRAB   APPLE. 

The  Chinese  in  northern  China  and  Manchuria  and  the  Russians  in 
Siberia  graft  all  their  apples  on  the  Siberian  crab  apple  { Mains 
iaccata),  which,  as  stated  before,  grows  wild  all  over  northeastern 
Asia,  There  is  great  variability  in  the  size  of  the  tree.  Sometimes 
one  finds  a  specimen  on  an  exposed,  dry  mountain  side,  in  appearance 
like  a  gnarled  shrub,  but  bearing  an  abundance  of  fruit.  Again,  in 
good  fertile  spots  one  may  see  it  as  a  tall  tree  from  40  to  50  feet  high 
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and  having  a  trunk  a  couple  of  feet  in  diameter.  The  productiTitj 
of  these  wild  crabs  is  something  marvelous.  The  little  apples,  about 
the  size  of  small  green  peas,  are  eagerly  collected  by  the  RusBuns 
and  the  Chinese  and  are  either  eaten  fresh,  dried,  or  made  into 
preserves. 

From  what  the  writer  has  seen  of  the  hardships  this  wild  cnb 
apple  is  able  to  stand  in  its  native  haunts,  it  would  seem  that  there 
are  few  places  in  the  northern  portions  of  the  United  States  wheie  it 
would  not  succeed.  Even  if  it  is  not  suitable  as  a  fruit  tree  it  is  a 
fine  ornamental  plant,  both  when  in  bloom  and  when  loaded  witk 
its  thousands  of  little  scarlet  fruits.  (S.  P.  I.  Nos.  20137,  20237, 
20238,  20339  to  20341,  21065,  21878,  and  21922.) 

QUINCES. 

* 

The  quince  (Cydonia  sp.)  most  often  seen  for  sale  on  fruit  stands 
in  China  is  the  true  Chinese  quince,  Oydania  sinensis,  or  in  the  native 
vernacular,  ''Mu  kua."  The  trees  are  by  no  means  conmion  through- 
out northern  China.  One  has  to  travel  to  central  Shantung  before 
finding  them  growing  even  sparingly  in  gardens,  and  it  is  only  farther 
south  that  they  are  cultivated  on  a  large  scale  for  shipment.  The 
fruit  grows  to  an  exceedingly  large  size,  being  sometimes  even  a  foot 
long  and  weighing  10  pounds  apiece.  It  is  never  eaten  by  the  people 
of  northern  China,  but  is  used  by  them  exclusively  for  perfuming 
their  rooms.  The  well-to-do  classes  have  in  the  winter  time  a  large 
bowl  filled  with  the  fruit  and  placed  upon  a  table  in  a  cool  room,  so 
that  it  perfumes  the  whole  atmosphere  with  a  delightful  spicy 
aroma.  Foreign  residents,  however,  have  found  that  these  quinces 
make  excellent  sweetmeats,  and  they  preserve  them  in  various  ways. 
The  writer  has  tasted  jellies  and  jams  made  from  them  that  were 
unexcelled  for  fine,  aromatic  flavor.  (S.  P.  I.  No.  17954,  under 
Oydonia  japonica,) 

There  is  also  a  variety  of  the  Japan  quince  {Ojfdania  japojiiea, 
S.  P.  I.  No.  22581)  cultivated  sparingly  in  the  mountains  near  Peking. 
The  fruit  is  small,  of  a  greenish  color,  covered  with  a  brown  bloom, 
and  very  fragrant.  It  is  called  ''Pei  mu  kua,"  and  is  also  used  for 
perfuming  rooms,  but  mostly  by  the  poorer  classes,  it  being  very  much 
cheaper  than  the  Chinese  quince. 

Another  variety  of  the  Japan  quince  is  called  ''Mu  li.''  Its  fruit  is 
larger  than  that  of  the  preceding  one,  has  a  veiy  spicy  odor,  and  is 
used  for  the  same  purpose  as  the  first  two.  (S.  P.  I.  Noe.  18601  and 
22629.) 

In  the  Shantung  Province  there  were  also  observed  in  a  few  temple 
yards  cydonias  that  grow  to  be  tall  trees,  from  30  to  40  feet  in  heighti 
with  a  very  smooth  bark  that  comes  off  in  strips.    The  leaves 
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are  round-oblong,  serrated,  with  very  short  petioles,  glossy,  dark 
green  above  and  light  green  underneath.  The  fruit  looks  like  the 
European  quince.  It  is  very  woody  and  not  edible,  but  it  possesses 
a  pleasing,  spicy  odor.  The  writer  noticed  two  other  varieties,  one 
having  round  fruit  and  called  "Hsau  kua  shu"  (S.  P.  I.  No.  21984), 
the  other  with  oblong  fruit,  the  ''Mu  li  shu.'' 

Here  and  there  in  central  China,  as  in  Hangchow  and  Soochow,  the 
Chinese  cultivate  in  earthen  vessels  a  very  uncommon  dwarf  form  of 
Oydonia  japonica  var.  mauLei,  It  is  called  the  ''  Lo  hai  tang,"  and 
seems  to  be  used  for  ornamental  purposes  only.    (S.  P.  I.  No.  22984.) 

HAWS. 
[CmNBSE  NAMES,  ''HoDg  kua/*  ''Suan  dzao/'  and  ''San  li  hong.''] 

In  northern  China  there  are  whole  orchards  of  an  edible  haw  {Cror 
ioigus  pinnatifida).  These  trees  have  all  been  grafted.  They  are 
carefully  cultivated  and  the  fruit  is  harvested  and  shipped  all  over  the 
land,  very  much,  in  fact,  as  apples  are  with  us.  (See  fig.  10.)  The 
fruit  is  of  a  bright-red  color,  fairly  hard,  and  of  an  agreeable  sour 
taste.  There  is  considerable  variation  in  the  size  of  the  fruit  and  its 
acidity,  but  the  best  kinds  are  as  large  as  good-sized  crab  apples  and 
are  only  slightly  acid. 

Haw  fruits  are  extensively  used  in  the  manufacture  of  sweetmeats 
and  preserves,  and  foreigners  and  natives,  are  equally  fond  of  them. 
In  the  foreign  embassies  in  Peking  one  is  served  with  cake  that  has 
preservecl  haw  fruit  as  a  filling.  Foreign  missionaries  supply  visitors 
with  a  kind  of  haw  jelly,  and  the  Chinese  give  a  jar  of  haw  preserves 
as  a  New  Year's  present.  The  fruit  of  a  rather  sour,  dry-meated 
variety  is  sliced  and  dried  and  kept  for  winter  use.  In  this  form 
it  is  called  "Suan  dza."  The  Chinese  make  much  use  of  it  during 
the  winter  months  for  brewing  a  tea  which  they  claim  acts  as  a 
blood  and  system  purifier.  This  dried  fruit  can  also  be  stewed,  and 
by  the  addition  of  sugar  it  makes  a  good  compote,  tasting  not  unlike 
apple  preserve.  It  is  one  of  the  fniits  that  can  be  safely  introduced 
into  America  and  will  not  have  to  wait  long  to  become  popular. 

Aside  from  its  fruit  it  is  a  very  handsome,  ornamental  tree,  making 
a  dense  head  of  dark-green  foliage,  turning  into  gorgeous  red  and 
yellow  in  the  fall.  The  height  rarely  exceeds  30  feet,  and  some 
varieties  branch  out  almost  at  the  ground,  thus  making  them  well 
suited  for  ornamental  trees  on  lawns.  (S.  P.  I.  Nos.  17171,  17739, 
17882,  17883,  and  19405.) 

The  largest  and  best  haw  fruit  comes  from  the  Shantung  Province. 
It  is  especially  in  the  neighborhood  of  Taianfu  that  one  finds  remark- 
ably large-fruited  varieties,  the  trees  of  which  are  very  productive. 
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There  are  many  seedlings  uf  this  haw  in  cultivation  which  in  gen- 
eral bear  but  small  fruits,  and  these  smaller  ones  are  nearly  always 
more  acid  than  the  larger  varieties.  This  is  an  advantage  in  one 
way,  for  this  acidity  makes  thera  an  excellent  substitute  for  cran- 
berries, a  fact  which  the  American  missionaries  in  the  Shantung 
Province  have  leame<l  to  their  advantage.  Since  this  haw  is  a  very 
hardy  tree  and  can  stand  considerable  drought  and  heat  its  fruit 
might  take  the-  place  of  cranberries  in  sections  of  the  United  States 
where  the  latter  are  hard  to  obtain  at  the  present  time,  as  anyone 


FlQ.lO,— Agroupof  tro85ot  B  laije-lralled  variety  o(  the  Chinese  haw  (CVTil»¥Mp™'»''7W")o«rCb»iigll. 
Chlhll  Province. ciuna.  The  FruLIoIthb  variety  iseneuslvelyeinplorMl  Id  ibeprepantlaaalnuniulad* 
andjelly.    Introduclion  No.  178ffi. 

could  grow  one  or  two  of  tliesc  trees  to  supply  his  own  wants, 
(S.  P.  I.  No.  2I9S7.) 

The  stock  upon  which  tlie  Chinese  graft  their  large-fruited  varie- 
ties is  the  wild  Crataegus  "pinnatijida,  growing  in  many  places  in  the 
mountains  in  northern  China,  Manchuria,  northern  Korea,  and  east- 
ern Siberia.  It  is  mostly  seen  as  a  shrub.  In  favorable  locations, 
liowever,  it  grows  into  a  small  tree.  In  general,  the  wild  tree  or 
shrub  is  well  furnished  with  long  thorns,  while  the  large-fruited 
cultivated  trees  are  entirely  without  them. 
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Even  in  the  wild  state  there  is  a  good  deal  of  variation  in  the 

appearance  and  behavior  of  the  plants.     Some  specimens  have  very 

small  leaves  and  are  heavy  fniiters;  others,  again,  are  very  large 

leaved  and  bear  few  fruits,  etc.,  but  they  all  seem  able  to  stand 

drought,  cold,  and  adverse  conditions  to  an  unusual  degree,  and 

they  therefore  hold  out  great  promise  as  to  their  future  behavior  in 

the  United  States.     (S.  P.  I.  Nos.  17170,  17751,  20108,  20109,  20350, 

21921,  and  22607.) 

LOaiTATS. 

[Chinese  name,  "Bibaw."] 

The  loquat  (Eriohotrya  japonica)  is  in  all  probabihty  indigenous 
to  the  hills  of  the  mild-wintered,  moist  regions  of  central-eastern 
China.  The  writer  observed  some  specimens  growing  wild  among 
the  scrub  in  the  region  near  Tangsi,  Chekiang  Province.  That  sec- 
tion is  one  of  the  most  noted  loquat  regions  of  China.  As  far  as 
the  eye  can  see  one  observes  nothing  but  loquat  orchards,  growing 
luxuriantly  on  the  low,  rich  land,  where  the  roots  never  suffer  from 
lack  of  water. 

There  are  several  varieties  of  loquats  in  cultivation,  differing  a 
good  deal  in  flavor,  color,  and  quality.  The  finest  kind  is  con- 
sidered to  be  the  white  loquat,  the  fruit  of  which  is  said  to  be  of  a 
pale-yellowish  color  and  of  a  very  fine  flavor.  It  is  called  in  Chinese 
Tai  bibaw,"  or  white  loquat.     (S.  P.  I.  No.  22976.) 

The  different  varieties  are  all  grafted  on  seedling  stock;  but  as  the 
Chinese  are  not  always  very  successful  with  their  grafting,  they 
generally  lose  a  large  percentage  of  them,  and  thrifty  young  plants 
are  exceedingly  hard  to  obtain. 

The  Chinese  consider  the  loquat  a  very  profitable  tree,  although 
apparently  it  bears  a  good  crop  only  every  two  or  three  jrears.  Rev. 
Alexander  Kennedy,  a  missionary  in  Tangsi,  who  assisted  us  a  great 
deal  in  obtaining  various  plants,  stated  that  in  the  spring  of  1906 
the  loquat  crop  was  so  great  in  his  vicinity  that  from  the  village  of 
Tangsi,  alone,  twenty  thousand  dollars'  worth  of  fruit  was  exported. 

JUJUBES. 

[ChinKvSE  name,  *'T8ao."] 

CULTIVATED    VARIETIES. 

The  jujube  {Zizyphibs  saliva)  is  quite  an  important  fruit  in  northern 
China,  grown  everywhere  in  those  sections  where  winter  tempera- 
tures are  not  too  low.  The  trees  can  stand  a  remarkable  amount  of 
neglect  without  any  apparent  detriment.  They  are  found  equally 
productive  on  a  piece  of  strongly  alkaline  land  or  in  an  inner  court- 
yard where  the  ground  has  been  tramped  down  until  it  is  as  hard  as 
stone.     (vSeePl.  V,fig.  2.) 
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The  soil  best  suited  to  this  fruit  seems  to  be  a  porous  clay,  charged 
with  more  or  less  alkaline  matter,  Uke  the  loess  ia  northern  China. 
The  jujube  also  thrives  better  in  regions  where  the  rainfall  is  rather 
Ught  and  the  winters  dry  and  cold  than  in  moist,  mild-wintered 
sections. 

In  general,  jujubes  are  grown  in  small  groves  or  as  single  trees, 
but  here  and  there  one  also  meets  regular  orchards  of  them,  cov- 
ering perhaps  10  or  20  acres.  In  some  looaUties  the-' fanners  plant 
them  in  rows  through  the  fields.  It  seems  that  planted  in  this  way, 
at  a  distance  of  from  5  to  10  feet  apart,  they  produce  the  lai^gest 
quantity  and  the  best  quaUty  of  fruit.  When  in  regular  orchards 
the  distance  apart  is  from  15  to  25  feet,  depending  upon  the  variety 
and  upon  the  personal  preference  of  the  planter. 

The  farmers,  here  and  there,  also  have  the  habit  of  ringing  their 
trees  every  year,  claiming  that  thereby  they  considerably  increase 
the  crop.  (See  PI.  VI,  fig.  2.)  The  jujube  is  about  the  only  fruit  tree 
around  the  roots  of  which  the  soil  is  not  regularly  cultivated,  because 
the  yield  is  found  to  be  just  as  large  without  this  work  as  with  it. 

There  are  a  great  many  varieties  of  the  jujube  in  cultivation, 
probably  not  less  than  a  hundred,  varying  in  size,  color,  shape, 
quality,  etc.  As  the  varieties  do  not  come  true  to  seed,  the  trees  are 
mostly  propagated  by  the  suckers  which  are  nearly  always  foimd  at 
their  bases.  Root  cuttings  can  also  be  taken.  Some  .varieties, 
however,  do  not  readily  produce  suckers,  and  root  cuttings  are  not 
successful.  Then  the  Chinese  resort  to  grafting  the  scions  on  wild 
stock.  This  grafting  practice,  however,  seems  to  be  confined  to  only 
a  few  localities,  where  the  growers  are  men  of  considerable  experience. 

The  fruit  of  these  jujubes  is  nearly  all  of  a  shining  brown  color  and 
is  very  plump  when  fresh.  When  dried  it  has  more  of  a  red  color 
and  becomes  shriveled.  It  is  eaten  fresh,  dried,  preserved  in  sugar, 
stewed,  or  smoked.  Some  varieties  are  better  for  one  purpose, 
others  for  another. 

The  different  varieties  that  came  under  the  writer's  notice  are  . 
enumerated  as  follows: 

''Ming  tsao,''  a  rather  large-fruited  variety,  growing  near  Peking 
and  Jehol,  China.  The  fruit  is  of  a  Ught  brown-red  color,  from  l\ 
to  IJ  inches  long,  of  oblong  shape,  and  quite  sweet.  The  trees 
remain  small,  grow  very  erect,  occupy  but  little  space,  and  are  almost 
devoid  of  spines.     They  sucker  and  spread  very  rapidly  when  young. 

"Ya  tsao,'*  growing  near  Jehol,  China.  The  fruit  is  large,  from 
1 J  to  2  inches  long,  tapering  toward  the  peduncle,  of  a  dark  brown- 
red  color,  and  not  very  sweet.  The  trees  remain  small,  grow  fairiy 
erect,  but  are  very  spiny,  and  sucker  and  spread  freely. 
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F(Q.  1.— An  Old  Specimen  of  the  ■■Lunq  tsao,"  or  Mellow  Jujube,  at 
TsiNTzE,  Shansi  Province,  China,  Showing  the  Peculiar  Habit  of 
Growth  Chahactebistic  of  this  Varietv. 

Itltroducllon  Xo.  SXtiO. 


Fu.  2.— A  NEAR  View  of  the  Trunk  of  a  Chinese  Seedless  Jujube  Tree 
NEAR  Laolinq,  Shantung  Province,  China,  Showing  the  Rings  that 
Have  Been  Made  Each  Year  by  Sawing  Through  the  Bark  to  Make 
the  Trees  Bear  More  Heavily. 
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"Mu  ehiog  hong  tsao,"  growing  at  Tsintze,  Sha&si.  The  fruit  is 
of  a  red-brown  color,  of  modiiim  size,  oblong,  tapering  toward  the 
apex,  and  can  be  kept  a  long  time.  The  trees  grow  to  a  lai^e  size 
and  become  very  old.  (See  PI.  IV,  fig.  2.)  When  old  they  are  very 
little  branched,  have  no  spines,  and  sucker  but  httle.  (S.  P.  I.  No. 
22684.) 

"Hu  ping  tsao,"  meaning  bottle  jujube,  growing  in  Tsintze,  Shansi. 
The  fruit  is  lai^e,  oblong,  and  of  a  shining  red  color.  It  is  usually 
eaten  after  having  been  soaked  a  couple  of  months  in  weak  Chinese 
spirits.  This  variety  is  considered  locally  as  the  best  grown.  The 
trees  do  not  reach  a  targe  size,  are  planted  close  together,  from  6  to 
8  feet  apart,  are  spineless,  and  sucker  but  little,     (S.  P.  I.  No.  22683.) 

"Tsui  ling  tsao,"  meaning  fragile  jujube,  growing  in  Tsintze, 

Shansi.    The  fruit  is  

oblong,  of  red  color,  is 
said  to  break  easily  on 
falling,  whence  its 
name,  and  is  a  poor 
keeper.  The  trees 
j;tow  to  medium  size, 
are  spineless,  and 
sucker  but  little.  (S. 
P.  I.  No.  22685.) 

"Lang  tsao,"  or 
mellow  jujube,  grow- 
ing in  Tsintze,  Shansi. 
The  fruit  is  small,  ob- 
long, red  colored,  and 
o[  a  mellow,  sweet 
flavor.  It  can  not  be 
kept  long.  The  trees 
grow  large  and  spread 
out  very  much,  be- 
having quite  differently  in  this  respect  from  other  varieties.  (See 
PI.  VI,  fig;  1.)     (S.  P.  I.  No.  22686.) 

"Vuen  ling  tsao"  or  "Su  hsin  tsao,"  a  rouud-fniited  variety  of 
dark  brown-red  color,  found  near  HweigSrr,  Shantung.  Its  fruit 
ia  smoked  and  exported  in  large  quantities  to  southern  China,  where 
there  is  a  great  demand  for  smoked  jujubes  (fig.  11). 

"Wuhu  tsao,"  or  seedless  jujube,  growing  near  Laoling,  Shan- 
tung. This  variety  is  saiil  to  be  the  only  seedless  variety  in  the 
whole  Chinese  Empire  and  is  sent  every  year  as  a  present  to  the 
Emperor  at  Peking.  It  has  made  the  Wuhu  magistracy,  where  it 
grows,  famous  all  over  China  for  its  jujubes.  The  fruit  is  not  abso- 
lutely seedless,  but  the  kernel  is  so  soft  that  it  is  practically  imper- 


10.  U. ^Chinese  imok«d  |ii]at««.  The  Julubes  ol  Uils  variety  are 
cslled  "Yuen  ling  tsao  "  or  ~  Su  bain  tsao"  wbea  Iresb.  but  go  under 
tbensmeoC'Ghwtsao"  vhennnoked.    Tbey  ara largair  lUpIHl 

Ifl  wHithem  China,  where  the;  flhd  a  readj  market. 
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ceptible  when  eaten  and  the  fruit  may  therefore  safely  be  called 
seedless.  The  fruits  are  rather  small,  of  a  dark  brown-red  color, 
and  very  eweet.  They  are  excellent  when  boiled  with  rice  or  millet, 
make  delicious  stewed  compote,  and  can  be  eaten  dried  with  pea- 
nuts, the  same  as  raisins  and  almonds.  Foreign  soldiers  in  Peking, 
with  whom  the  writer  tested  a  few  pounds,  were  remarkably  fond  of 
them. 

The  trees  grow  only  to  a  medium  size.  They  are  usually  planted 
in  rows  through  the  fields  at  distances  of  from  8  to  10  feet  apart. 
The  Chinese  ring  the  trees  every  year  at  the  time  of  the  setting  of 
the  fruit  by  sawing  through  the  bark  close  to  the  base  of  the  trunk. 
They  say  that  if  this  is  not  done  half  of  the  fruit  is  thrown  off  by 

the  tree,  so  that  by 
this  method  they  dou- 
ble the  crop.  (See  PL 
VI,  fig.  2.)  The  fruit 
of  the  ringed  trees, 
however,  is  not  so 
sweet  by  far  as  that 
coming  from  the  un- 
ringed  trees. 

"Chin  sze  tsao,"  a 
rather  small  but  very 
sweet  variety,  grow- 
ing at  Lading,  Shao- 
tung  (fig.  12).     This 
variety  is  said  to  be 
one  of  the  best  for  the 
no.  II,— ChlnenJulubcsoIUWCblnBUIsao"  varfot;,  usedaxtsn-    manufacture    of    the 
8lvelylnthBmBn«taclur<>o[U«is««lledb™y)u|ul«("Mit™.").     celebrated    honCV    iu- 
A  remarkably  swoetvarlelr.  -      ' 

jubes.  The  fruit  is 
of  a  light  brown-red  color;  the  trees  are  of  medium  size,  with  much 
of  the  habit  of  the  seedless  jujube. 

"Tun  ku  yu  tsao,"  a  flat  jujube,  growing  near  Chinanfu,  Shan- 
tung. This  variety  has  a  dark-brown  color  and  is  remarkably  sweet; 
considered  locally  one  of  the  best  varieties  for  eating  fresh, 

"Twenkulu  tsao,"  another  flat  variety,  growing  near  Chiogcliowfti, 
Shantung.  The  fruit  is  of  medium-large  size,  of  dark-brown  color, 
and  is  also  very  sweet.  It  does  not  keep  long.  The  trees  are  of 
medium  growth,  bear  but  little  fruit,  and  sucker  very  little.  They 
are  propagated  by  being  grafted  upon  the  wild  stock. 

Besides  the  varieties  mentioned  there  are  scores  of  others  that  did 
not  come  under  the  writer's  personal  observation,  but  which  are 
mentioned  in  various  Chinese  pubUcations.  One  variety  is  even 
said  to  be  wliite. 


There  is  an  article  often  sened  to  foreigners  in  China  in  homes  and 

in  hotels  looking  strikingly  like  the  Persian  date.  This  is  the  cele- 
brated "Mi  tsao,"  or 

honey  jujube   (figs. 

13  and  14).  To  pre- 
pare tliis  the  Chinese    ' 

take  lai^e,  aoiind, 

dried  fruits  and  boil 

them  thoroughly  in 

sugared  water,  after 

which  they  are  taken 

out  and  dried  in  the 

Sim  or  wind   for  a 

couple   of    days. 

When  sufficiently 

dry  they  are  given  a 

Blight  boiling  again 

and  are  partly  dried. 

When  drj'  enough  to     fio.  la.— smaii  h. 

behandled,  the  akin  "^^ 

ia  slightly  slashed  length^vise  with  a  few  small  knives  tied  together. 
Then  the  fmits  are 
given  a  third  boiling, 
now,  however,  in  a 
stronger  sugar  water, 
and  for  the  best  grades 
of  honey  jujube  honey 
is  added.  When  this 
process  is  finished 
they  are  spread  out  to 
dry,  and  when  no 
longer  sticky  are  rea<iy 
to  be  sold.  The  best 
grade  of  these  honey 
jujubes  sells  for  40 
cents  Mexican  a 
pound,  and  is  obtain- 
able in  only  a  few  of 
the  larger  cities  of 
-China.  In  case  the 
™tt«with5«ndcon,i*™bk,Bikaiiaacidrought,  American    people 

should  take  to  growing  the  jujube,  they  would  find  a  ready  market  for 
the  better  varieties  for  use  in  the  manufacture  of  various  confections. 
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dragon's-claw  jujube. 


With^so  many  varieties  of  jujubes  in  cultivation  it  is  not  surprisii^ 
that  one  kind  has  been  produced  that  has  a|i  ornamental  value. 
This  is  the  quaint  " dragon's-claw  "  jujube  {Zizyphus  scJiva  tortwaa) 
or,  in  Chinese,  the  **Lung  tsao  tsao  shu."  This  variety  has  peculiar 
gnarled  and  twisted  branches  and  is  very  rare.  The  rich  Chinese 
prize  them  highly  as  horticultural  curiosities.  The  trees  are  propa- 
gated by  being  grafted  on  the  wild  jubube.     (S.  P.  I.  Xo.  22914.) 

THE   WILD  JUJUBE. 

Finally  we  come  to  the  original  wUd  jujube  {Zizyphus  saliva  s^pinoio) 
from  which  the  cultivated  varieties  have  been  derived.  This  species 
grows  wild  on  most  of  the  walls  of  the  northern  China  citiss,  and  is 
also  to  be  found  in  the  most  out  of  the  way,  stony,  and  sterile  loca- 
tions. It  has  ugly  hooked  spines,  which  easily  tear  one's  clothes 
and  break  off  in  one's  flesh.  The  fruit  is  small  and  round,  of  a 
brown-red  color,  and  has  a  pleasant  sour  taste.  It  is  collect^  by 
old  women  and  children,  and  an  inferior  paste  and  preserve  are  made 
from  it.  The  very  spiny  branches  are  used  as  fencing  material  and 
keep  intruders  away  by  their  forbidding  appearance.  In  general, 
this  wild  jujube  grows  only  as  a  bush;  but  when  left  alone  in  favor- 
able locations  it  reaches  the  size  of  a  tree  from  20  to  30  feet  high,  with 
a  trunk  more  than  a  foot  in  diameter.  It  becomes  less  spiny  when 
large;  but  it  is  still  far  from  easy  to  climb  one  of  these  trees  without 
the  loss  of  some  blood.     (S.  P.*  I.  Nos.  17892  and  21995.) 

GRAPES. 

[CmNESE  NAME,    "PootftO."] 
CULTIVATED  VARIETIES. 

The  grape  is  as  much  esteemed  by  the  Chinese  as  by  western 
nations.  Vitis  vinifera  is  not  a  native  of  China,  but  was  introduced 
there  from  central  Asia  by  the  Emperor  Wu  ti,  who  in  the  first  cen- 
tury before  our  era  sent  ten  envoys  to  various  countries  west  of 
China,  who  brought  back  grapes  and  alfalfa.* 

How  many  varieties  of  grapes  were  originally  introduced  it  would 
be  hard  to  ascertain,  but  there  must  have  been  several,  for  at  present 
a  good  many  varieties  are  being  grown  in  northern  China. 

There  is  a  very  fine  white  variety  cultivated  near  Changli,  having 
round  berries  and  possessing  a  good  flavor.  It  ripens  in  the  latter 
part  of  September  (S.  P.  I.  No.  17155).  Another  white  kind  occurs 
near  Hsuenhuafu.     This  variety  is  the  highest  priced  of  all  the  Chinese 

a  Sampson,  Theo.    Grapes  in  China.    Notes  and  Queries  on  China  and  Japan, 
April,  1869,  p.  50. 
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grapes  ami  U  tu  be  Uutl  imly  in  lUuileiJ  quantities.  Tiie  bunches  are 
rather  large,  the  berries  much  elongated,  and  the  flavor  is  sweet  and 
refreshing.  It  is  a  good  keeper,  the  fruit  being  kept  in  paper-lined 
baskets  or  in  jars  in  cool  places  until  February  (S.  P.  I,  Kos.  16927 
and  17156).  There  are  also  some  seedless  white  grapes  in  northern 
China,  one  variety  being  apparently  the  same  as  the  Sultanina, 
or  so-called  Thompson  Seedless.     (S.  P.  I.  No.  17160.) 

There  are  also  several  varieties  of  purple  grapes,  central  Shansi, 
especially,  being  renowned  for  them.  One  variety  can  be  kept  for 
almost  a  whole  year  if  the  fruit  is  carefully  put  in  baskets  and  jars 
and  kept  in  cellars  which  are  cooled  by  ice. 

The  culture  of  grapes  in  China  is  somewhat  different  from  what  it 
is  in  other  lands.     The  plants  are  always  grown  trained  over  arbors, 
with  very  long  main  leaders.    In  the  month  of  October,  just  after  a 
cold  snap,  the  vines 
are  taken  from  their 
supports,  skillfully 

pruned,    and    then 

tied  together  in  long 

bundles.    If  the  main 

leaders  are  very  long 

they  are  bent  around 

to  make  the  bundle 

shorter.     Pits  from 

4  to  6  feet  deep  are 

dug,  wide  enough  for 

a  man  to  work  com- 
fortably in   and    as 

long    as    the   tied-up      Fm.  ij.-AgnipoTlBeofa  temlorvsrtelyjust  ramoreU  tromatreocn 

bundle  of  the  grape-  «h"roUwa5pfoIected(orBvemonlha.    Phologrepbed  MarehSl.at 

tine  requires.     The 

vines  are  now  laid  down  in  these  pits,  which  are  covered  with  sorghum 
stems  and  old  matting,  over  which  a  couple  of  feet  of  soil  is  put  (fig. 
15).  Care  is  always  taken  to  leave  a  few  air  holes,  which  are  left 
open  in  warm  weather  but  are  closed  up  entirely  in  case  a  bhzzanl 
occurs.  The  root  from  which  the  stems  originate  is  never  taken  up, 
but  some  old  matting  is  put  around  it  and  the  whole  is  covered  with 
soil  to  the  depth  of  a  few  feet. 

In  visiting  a  vineyard  in  China  in  the  winter,  unless  one's  attention 
were  drawn  to  it,  few  people  would  suppose  that  the  apparently 
barren  spot  they  were  walking  upon  was  covered  in  summer  with  a 
luxuriant  growth  of  choice  grapes.  This  practice  of  burying  the 
ETapevines  that  would  not  be  able  to  pass  unprotected  through 
severe  winters  is  certainly  worthy  of  general  attention.     It  can  not 
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be  done  iu  the  United  States  on  a  large  scale,  as  the  high  price  of 
American  labor  would  be  prohibitive,  but  in  the  Rocky  Mountain 
section  of  the  United  States,  especially,  the  people  could  have  choice 
varieties  of  grapes  for  their  own  table  use  if  they  would  take  the 
trouble  to  protect  the  vines  in  winter  in  this  way.** 

RAISINS. 

Raisins  are  not  common  in  China,  and  those  seen  there  are  a 
small,  seedless,  greenish-white  kind,  said  to  be  made  from  grapes 
grown  in  the  neighborhood  of  Kweihuacheng,  Mongolia,  a  district 
with  very  dry  air. 

VARIOUS   SPECIES   OP   WILD  OR  APES. 
[Chinese  name,  Shan  poo  tao.] 

In  northern  China-,  Manchuria,  and  eastern  Siberia  a  wild  grape 
{Vitis  amurensis)  grows.  This  grape  is  found  iu  dense  thickets  over- 
running shrubs  and  trees.  It  is  a  rather  prolific  bearer,  the  bunches 
and  berries  being  small,  however,  and  rather  sour;  but  the  plant  is 
so  remarkably  hardy,  standing  temperatures  of  —  40*^  F.,  that  there 
may  be  a  possibility  of  using  it  in  hybridization  experiments.  In  its 
wild  state  it  is  collected  by  the  Chinese  and  Russians  and  eagerly 
eaten.  In  eastern  Siberia  the  writer  also  tasted  some  inferior  wine 
and  some  good  vinegar  that  had  been  made  from  it  by  a  Russian 
settler.     (S.  P.  I.  Nos.  19477,  19600,  20347  to  20349,  and  22601.) 

Besides  the  VitiLS  amurensis,  one  ^nds  here  and  there  various  other 
wild  species.  In  the  Boshan  district  is  found  a  wild  grape  called  *  *  Ya  pu 
tao"  (S.  P.  I.  No.  21979).  From  it  the  Chinese  make  a  fairly  goo<l 
wine,  which  is  remarkably  strong.  In  the  Lungtung  district  of  Shan- 
tung there  are  two  other  species,  both  bearing  edible  berries.  In 
the  Mokansan  region,  to  the  southwest  of  Shanghai,  one  finds  grapes 
that  have  many  spines  along  their  branches  and  bear  edible  berries. 
They  are  even  sparingly  cultivated  by  foreigners.  In  all  probability 
they  are  a  species  of  Spinovitis  (perhaps  S.  dauidi)  and  might  be  fitted 
for  hybridizing  with  better  varieties  to  produce  strains  of  grapes 
that  could  stand  a  greater  degree  of  moist  heat  than  our  present 
good  varieties  are  able  to  do. 

THE  CITBUS  GROUP. 

Numerous,  indeed,  are  the  various  species  and  varieties  of  Citrus  in 
China.  As  is  well  known,  southern  China  is  supposed  to  be  the  home 
of  the  sweet  orange  {Oitrus  aurantium  sinensis).     Besides  this  species, 

a  This  method  is  practiced  to  a  limited  extent  with  tender  varieties  in  the  Northem 
States  and  in  Canada. — William  A.  Taylor. 
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mandarins  and  tangerines  «7.  nobUis)  and  kumquats  (G.  japonica)  are 
in  all  probability  natives  of  China,  the  last  two  probably  coming  from 
the  mildy  equable  climate  of  south-central  China.  In  the  vicinity  of 
Hangchow  wild  pomelos  occur,  while  in  Shensi  and  Shantung  Citrus 
trifolmta  is  found  in  a  wild  state. 

There  are  said  to  be  more  than  80  different  kinds  of  edible  oranges 
growing  along  the  southeastern  coast  of  China  and  on  the  numerous 
islands  fringing  that  coast.  A  few  that  came  under  the  writer's 
notice  are  as  follows: 

SWEET  ORANOES. 

There  are  several  varieties  of  the  sweet  orange  {Oitrus  aurantium 
sinerms)  in  China.  They  appear  on  the  markets  in  winter  and  are 
chiefly  from  southern  China.  One  variety,  said  to  grow  near  Canton, 
Is  of  medium  size  and  very  sweet.  It  is  especially,  in  favor  with  the 
foreign  residents.  Blood-red  oranges  of  this  type  are  also  occasion- 
ally seen. 

MANDARINS. 

Under  mandarins  (Citrus  nobilis)  we  may  group  the  large  flat 
fruits  with  a  loose,  generally  dark  orange-red  skin.  The  trees  need 
rather  high  temperatures  to  thrive.  The  leaves  and  wood  are  of 
a  much  stronger  growth  and  are  very  much  darker  colored  than 
those  of  the  tangerines.  The  trees  are  not  so  prolific.  The  Chinese 
possess  some  excellent  varieties  of  mandarins.  One  very  large  one 
is  perfectly  seedless  and  very  sweet.  It  grows  especially  well  on 
the  islands  off  the  coast  between  Foochow  and  Amoy.  Some  excel- 
lent varieties  are  also  found  in  the  Szechwan  Province  and  above 
Ichang  on  the  Yangtze  River.  To  the  same  group  belong  the  so- 
called  bitter  or  tonic  oranges  from  Wenchow,  Chekiang  Province. 
This  fruit  possesses  a  bitter  flavor  that  makes  it  very  acceptable  on 
the  breakfast  table,  it  having  tonic  properties  similar  to  those  of  the 
pomelo. 

TANGERINES. 

Under  tangerines  (Citrus  nohilis)  are  placed  the  small  loose-skinned 
varieties,  mostly  of  a  light  orange  color  and  generally  quite  well  sup- 
plied with  seeds.  The  leaves  are  small  and  of  a  light  green  color. 
The  branches,  although  thin  and  long,  are  closely  massed,  thus  making 
the  trees  very  dense  and  round  headed.  The  trees  seem  to  be  able 
to  stand  a  considerable  degree  of  cold.  There  are  several  varieties, 
differing  much  in  size  and  flavor.  One  rather  small  variety  is  grown 
extensively  near  Hangchow  in  the  Chekiang  Province.  When 
these  groves  were  visited  in  tha  spring  of  1906  many  trees  were  com- 
pletely bent  down  and  a  good  many  limbs  had  been  broken  off  by  a 
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10-inch  snowfall  two  days  before,  but  although  the  trees  had  beea 
shattered  by  the  snow  they  had  not  suffered  at  all  from  the  cold. 

KUMQUATS. 

The  kumquat  (OUrus  japonica)  is  a  small  fruit  which  is  very  much 
appreciated  in  China.  All  who  have  ever  had  a  good  Chinese  dinner 
know  how  this  fruit  is  served,  preserved  in  sugar  or  sirup.  It  is 
worthy  of  being  more  widely  known  by  the  western  nations  than  it  is 
at  present.  There  are  a  few  varieties  of  this  fruit  cultivated  by  the 
Chinese  differing  in  size  and  shape.  The  elongated  form,  however, 
seems  to  be  the  most  highly  appreciated  and  is  found  in  the  fall  of  the 
year  in  all  the  markets  and  fruit  stands,  being  sent  even  as  far  north 
as  Peking. 

POMELOS   AND   SHADDOCKS. 

Several  varieties  of  pomelos  and  shaddocks  (OUrus  de^^mana)  are 
found  in  China.  The  orchards,  however,  exist  near  Amoy  and  Can- 
ton and  the  writer  never  saw  any  trees  except  some  dwarfed  ones  in 
nurseries.  The  fruits  themselves  are  plentiful  in  Shanghai,  being 
served  even  on  the  tables  of  the  foreign  hoteb.  One  variety  of 
pomelo  is  particularly  good  and  is  called  by  foreigners  the' 'Amoy'' 
pomelo.  It  is  of  a  flat  shape,  has  a  loose  skin,  and  its  s^;ments 
separate  as  easily  as  those  of  an  orange.  It  has  a  sweet  flavor  and 
when  it  is  fresh  the  fruit  is  quite  juicy,  differing  from  some  other 
kinds  that  are  extremely  dry,  even  when  not  old.  This  class  of  sweet 
pomelos,  the  segments  of  which  separate  easily,  is  never  served  as  a 
breakfast  fruit  but  is  eaten  as  a  dessert,  served  in  segments.  Coining 
after  the  oranges  have  gone,  this  variety  fills  a  decided  gap  in  dessert 
fruits  on  the  tables  of  people  living  in  the  Far  East.  (S.  P.  I.  Nos. 
21870  and  25506.) 

LEMONS. 

In  China  the  lemon  is  apparently  not  grown  as  a  fruit  tree,  for 
lemons  are  rather  scarce  and  expensive,  being  imported  from  outside 
countries.  In  Peking  and  Tientsin  the  price  of  lemons  in  winter  is 
sometimes  as  high  as  20  cents  in  our  money  apiece. 

As  an  ornamental  plant,  however,  lemons  are  very  much  appre- 
ciated as  dwarfed  pot  plants.  The  idea  is  to  have  as  many  fruits  as 
possible  on  the  smallest  possible  plant.  A  plant  with  a  dozen  or 
more  fruits  on  it  will  sell  in  Peking  in  the  winter  for  as  much  as  SIO. 
The  particular  variety  used  for  this  purpose  slips  easily  and  is  raised 
from  cuttings.  The  fruit  is  large,  very  smooth,  and  thin  skinned, 
very  juicy,  only  slightly  sour,  and  is  practically  seedless.  (S.  P.  I- 
Nos.  21905  and  23028.) 
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FINGERED  LEMONS. 

The  fingered  lemou,  or  ** Buddha's  hand"  (OUrus  medica  digitata), 
is  a  queer  fruit  largely  grown  by  the  well-to-do  Chinese  as  an  orna- 
mental pot  plant.  The  strange  fruits  are  greatly  prized  by  the  people 
as  presents  and  as  religious  objects.  They  are  supposed  to  bring 
good  luck  to  the  household.  Indeed,  so  highly  are  they  valued  that 
in  the  north  a  good  sound  fruit  sells  for  one  Mexican  dollar. 

NOVEL   CITRUS    FRUITS. 

In  Peking  one  can  sometimes  buy  in  the  winter  some  strange  orange- 
like fruits.  They  have  the  appearance  of  a  warty  Satsuma  orange, 
but  the  flesh  is  fibrous,  sour,  bitter,  and  not  edible.  They  are  used  as 
room  perfumes,  Uke  quinces.     (S.  P.  I.  No.  21904.) 

In  the  neighborhood  of  Hangchow  there  is  a  peculiar  citrus  fruit 
growing  wild  upon  the  hillsides.  The  fruit  is  very  large,  4  inches 
long  by  2)  to  3  inches  in  width.  The  skin  is  of  a  dark  yellow  color, 
thick  but  loose,  and  contains  a  peculiarly  pungent  volatile  oil.  The 
pulp  is  of  a  refreshing  sour  flavor,  between  that  of  a  lemon  and  a 
pomelo;  in  fact,  it  serves  as  a  lemon  for  foreigners  in  that  part  of 
China.  It  is  full  of  large  flat  seeds,  resembling  those  of  the  pomelo. 
The  trees  grow  straight  and  tall,  are  rather  bare  branched,  and  are 
fumished  with  large  spines.  They  are  capable  of  standing  severe 
frosts  and  heavy  snowfalls  without  being  hurt,  and  might  therefore 
be  utilized  as  stock  in  the  United  States.  The  Chinese  names  for 
this  fruit  are  **Schu  yu"  and  ''Ning  bon."     (S.  P.  I.  No.  18439.) 

Besides  the  citrus  fruits  mentioned,  the  Chinese  cultivate  several 
others,  some  of  which  the  writer  was  not  able  to  see  in  fruit.  In 
some  small  nurseries  one  often  finds  twenty  or  more  citrus  varieties, 
&I1  grown  in  pots  and  vessels  as  dwarfed  specimens.  Some  are 
slipped,  others  have  been  layered,  some  are  grafted  upon  Citrus  tri- 
foliata,  others,  again,  on  seedling  stock  of  some  kind  or  other.  They 
&re  all  in  great  favor  as  pot  plants  and  there  is  much  demand  for 
them. 

NAGIS. 
[Chinese  name,  *'Yang  mae."] 

The  nagi  (Myrica  nagi)  thrives  to  perfection  on  the  slopes  of  the 
WUs  in  the  Chekiang  Province.  It  also  occurs  on  the  Chusan 
Islands  and  in  other  places  in  southeastern  China.  It  prefers  a  well- 
drained  situation,  and  where  found  wild  it  often  grows  in  rather 
poor,  rocky  soils,  in  semishady  localities.  The  wild  shrubs  or  small 
trees  grow  very  straggling  and  open.  In  cultivation,  however, 
where  they  get  full  sunlight  and  proper  care,  they  grow  dense  and 
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bushy  and  are  very  ornamental,  especially  in  early^  summer,  when 
the  masses  of  carmine  fruit  contrast  beautifully  with  the  glossy 
light-green  foliage. 

Several  varieties  are  cultivated  in  China,  varying  in  color  from 
dull  white,  yellowish  red,  rosy  red,  and  carmine  to  black  red;  in 
size,  from  a  cherry  up  to  a  medium-sized  plum;  and  in  flaTor, 
from  very  acid  to  refreshingly  sweet.  The  best  varieties  are  grafted 
upon  wild  or  seedling  stock,  but  it  is  no  very  easy  undertaking  to  do 
this.  The  trees  can  be  transplanted  only  with  the  greatest  difficulty, 
and  for  that  reason  plantations  extend  but  very  slowly.  Wherevm*  the 
Chinese  nagi  could  be  grown  in  the  United  States  its  fruit  would  be 
a  very  pleasant  addition  indeed;  for  besides  being  very  agreeable 
when  eaten  fresh,  it  can  be  stewed,  preserved,  and  used  in  a  multitude 
of  ways.  Very  good  pies  are  made  from  it,  and  as  an  ingredient  in 
fruit  sirup  it  is  very  refreshing.  (S.  P.  I.  Nos.  22904  to  22906,  and 
22977.) 

POMEGRANATE  8. 

[Chinese  name,  ''Shuhlu."] 

Pomegranates  {Punica  granatum)  are  not  indigenous  to  China  but 
were  introduced  there  from  central  Asia  in  the  beginning  of  our 
present  era.  To-day  they  are  still  considered  somewhat  as  exotics* 
for  the  plants  are  mostly  grown  as  ornamentals.  The  fruit  ia  con- 
sidered to  be  of  more  or  less  medicinal  value. 

In  the  Shantung  Province,  however,  one  finds  large  specimens  of 
pomegranates  growing  in  the  gardens,  and  quite  a  number  of  different 
varieties  can  be  seen.  There  are  dwarf  varieties  that  grow  only  a 
few  feet  tall  and  bear  but  a  few  small  scarlet  fruits,  while  others 
grow  from  15  to  20  feet  tall  and  bear  fruits  one  or  more  pounds  in 
weight.  There  are  varieties  that  have  a  white  rind  and  are  red 
inside  and  other  kinds  that  are  white  both  outside  and  inside.  A 
great  part  of  all  the  pomegranates  in  China  are  double  flowered  and 
are  grown  only  for  ornament.  There  are  pygmy  varieties  with 
double  dark-red  flowers,  others  with  light-red  ones;  while  among 
the  tall  kinds  one  finds  every  degree  of  variation,  ranging  through 
pure  white,  striped,  and  pale-red  flowers  to  very  dark  red  ones. 

UTCHIS. 
[Chinebe  name,  **Lei  tehee/'] 

The  litchi  (Litchi  chinensis)  is  one  of  the  most  popular  fruits  in 
China;  in  fact,  in  the  south  it  seems  to  occupy  about  the  same  place 
that  the  strawberry  does  with  us,  as  far  as  appreciation  is  concerned. 
No  good  dinner,  even  in  northern  China,  is  really  complete  without 
some  of  these  delicious  little  fruits.    They  are  eaten  frah,  dried,  or 
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canned.  The  litchi  has  the  same  reputation  that  the  pmeapple 
has,  that  is,  it  is  thought  by  some  to  be  improved  by  being  canned. 
There  are  a  great  many  varieties  of  htchis  as  to  size,  color,  flavor, 
and  size  of  kernel.  They  are  strictly  semi  tropical  plants  and  in 
China  they  occur  along  the  coast  only  as  far  north  as  Foochow,  on 
the  twenty-sixth  parallel  of  latitude.  They  require  a  rich,  loamy 
soil  and  should  not  be  allowed  to  suffer  from  lack  of  moisture.  The 
trees  are  propagated  by  inarching  upon  seedling  stock,  but  the 
Chinese  admit  that  the  plants  are  hard  to  propagate.  The  dried 
fruits  of  the  litchi  are  the  so-called  Chinese  nuts  which  have  become 
quite  common  in  our  American  markets. 

LONOANS. 
[Chinese  name,  "Long an/'] 

The  longan  (Euphoria  longan)  is  a  near  relative  of  the  litchi. 
The  fruit  is  much  smaller  and  not  nearly  so  well  flavored  when  raw. 
When  canned,  however,  the  longan  is  improved  considerably  and  is 
perhaps  even  of  a  more  delicate  flavor  than  the  ordinary  litchi.  It 
is  also  a  strictly  semitropical  tree,  but  can  stand  more  hardsliips  than 
the  litchi.  The  fruit,  which  is  naturally  brown,  is  generally  arti- 
ficially changed  to  a  chrome  yellow.  It  is  eaten  fresh,  canned,  or 
dried.  In  the  last  condition  one  can  obtain  it  at  the  Chinese  New 
Year  time  even  in  the  most  northern  cities  of  the  Empire.  There 
are  several  varieties  of  longans,  differing  in  size  of  fruit,  productivity, 
and  size  of  kernel.  Their  northern  limit  of  growing  seems  to  be, 
like  that  of  the  litchi,  the  region  around  Foochow. 

FIGS. 

The  fig  (Ficus  carica)  is  grown  in  northern  China  only  as  an  exotic, 
mostly  in  pots  and  tubs.  In  the  milder  parts  of  China,  however,  one 
finds  here  and  there  big  specimens  out  in  the  open.  The  writer 
noticed  black  and  white  varieties,  but  the  fruits  are  not  great  favor- 
ites with  the  Chinese,  apparpntl}^,  and  figs  are  but  sparingly  grown. 

OUAVAS. 

Guavas  (Psidium  catUeyanum)  are  never  seen  in  northern  China 
and  are  but  sparingly  met  with  in  central  China,  and  then  only  as 
pot  plants.  Farther  south,  however,  they  seem  to  be  grown  in  regular 
plantations,  as  has  been  reported  by  various  writers. 

BANANAS,  PINEAPPLES,  ETC. 

Bananas,  pineapples,  carambolas,  and  various  other  strictly  trop- 
ical fruits  are  grown  in  the  extreme  south  of  China;  but  although  the 
writer  observed  the  fruits  in  northern  markets  he  was  never  able  to 
«ee  the  plants  growing  in  their  various  districts. 
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THE  CANABIUM. 

The  canarium  (Canarium  sp.)  closely  resembles  our  green  olive.  It 
is  hawked  all  over  the  Empire  and  is  mostly  eaten  fresh,  or  while  still 
unripe  is  pickled  in  brine.  It  is  considered  an  excellent  promoter  of 
digestion  and  an  appetizer.  Besides  the  fresh  fruit,  one  can  obtain  it 
dry  salted,  dry  sugared,  or  preserved  in  sirup.  In  the  last  two  ways  it 
has  a  very  pleasing  flavor,  comparing  favorably  with  our  preserved 
citron  rind,  and  could  safelv  be  introduced  into  our  western  lands 
as  a  table  delicacy.  The  shrubs,  or  small  trees,  can  not  stand  much 
cold.     Their  northern  limit  on  the  coast  of  China  seems  to  be  Foochow. 

MULBEBBIES. 

[Chinese  name,  ^'Pai  sangshu."] 

In  the  neighborhood  of  Peking  a  variety  of  mulberry  {Moras  alba) 
is  grown  which  produces  large  white  fruit  that  is  very  sweet  to  the 
taste.     It  ripens  in  early  June,  and  is  but  sparingly  met  with  for  sale. 

ACTINIDIA. 
ACTINIDIA   KOLOMIKTA. 

There  are  several  species  of  Actinidia  in  the  Orient.  The  most 
common  in  northern  China,  Manchuria,  northern  Korea,  and  eastern 
Siberia  is  Actinidia  Jcolomikta,  This  vine  grows  here  and  there  in 
dense  masses  in  the  open  forests,  sometimes  covering  laige  areas, 
crawling  over  bowlders  and  smothering  all  small  shrubs.  There  is 
much  variation  in  its  habits.  Some  plants  are  of  an  open  growth, 
while  others  are  extraordinarily  densely  branched. 

The  fruit,  too,  varies  in  size  and  shape,  some  kinds  being  as  small  as 
and  even  rounder  than  a  gooseberry,  while  others  are  elongated  and 
of  the  size  of  small  plums.     The  color  is  either  bright  or  dull  green. 

In  the  foliage  one  observes  at  times  some  curious  variations  of  color. 
Some  plants  produce  leaves  that  are  either  entirely  or  in  part  white, 
silvery  colored,  or  spotted ;  other  plants  show  a  similar  variegation, 
but  in  the  red  or  rosy-red  tints.  These  variegations  are  strikingly 
beautiful  when  seen  in  the  wild  state.  The  white  one  produces  the 
effect  of  a  shrub  covered  with  thousands  of  large  white  flowers. 

The  fruit  of  Actinidia  kohmikta  is  edible  and  is  eagerly  collected 
by  the  inhabitants  of  the  countries  where  it  occurs.  The  Russian 
settlers  in  eastern  Siberia  dry  it  and  keep  it  for  winter  use.  They 
call  it  '^kishmis''  and  use  it  baked  in  bread  and  pastry.  (S.  P.  L 
No.  19479.) 
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ACTINIDIA    ARGUTA. 

The  species  AcHnidia  arguta  also  occurs  wild  in  Manchuria  and 
northern  Korea.  It  is  of  much  stronger  growth,  but  is  seen  far  less 
often  than  the  first  species.  The  fruit  is  larger  than  that  of  Actinidia 
Momikta  and  is  also  collected  and  eaten  by  the  natives.  According 
to  information  obtained  from  Unsan,  northern  Korea,  the  fruit 
is  called  ''tara''  in  that  region  and  is  well  liked. 

ACTINIDIA   CHINENSIS. 

[Chinese  NAME,  *' Yang  tao.* 'J 

The  species  Actinidia  cJiinensis  seems  to  be  the  largest  and  most 
important  of  all.     It  grows  in  the  mild-wintered  Yangtze  Valley,  and 
as  far  as  the  writer  was  able  to  ascertain  is  not  cultivated  at  all. 
The  vine  is  a  very  rank  grower,  attaining  large  dimensions.     The 
fruit  is  of  the  shape  of  a  small  hen's  egg,  has  a  rough  skin,  and  is  of 
a  rusty  color.     It  tastes  something  like  a  gooseberry,  but  has  other 
flavors  added  to  it.     The  missionaries  prepare  a  jam  from  it  that  is 
of  very  good  quality.     Plants  of  this  species  have  been  widely  dis- 
tributed of  late,  and  will  no  doubt  show  in  the  near  future  whether 
they  are  productive  enough  to  warrant  the  very  large  space  they 
require  for  successful  development.     (S.  P.  I.  Xos.  1 1629  and  21781.) 

MISCELLANEOUS  SMALL  WILD  BERRIES. 

As  has  been  stated,  the  Chinese  do  not  seem  to  like  soft  fruits  very 
well,  especially  the  wild,  berrylike  kinds.  This  is  probably  the  reason 
why  they  have  never  developed  any  of  the  excellent  wild  forms  of 
Rubus  which  they  possess.  The  ordinary  red  raspberry  {Ruhus 
yiaeus)  grows  in  large  quantities  in  the  mountains  of  northern  China, 
Manchuria,  and  eastern  Siberia,  and  although  the  fniit  is  not  very  large 
it  is  of  a  good  flavor. 

Various  other  species  of  raspberries,  thimble  berries,  blackberries, 
wd  all  sorts  of  intermediate  forms  bearing  white,  jellow,  red,  or  black 
fruit  occur  all  over  China.  Dr.  Augustine  Henry  and  Mr.  E.  II. 
Wilson  have  collected  scores  of  good  species  in  central  and  western 
fliina,  some  of  which  in  the  near  future  will  give  rise  to  entirely  new 
stfains. 

The  genus  Ribes  has  some  promising  species  in  the  Orient.  Here 
and  there  in  the  high  mountains  of  northern  China  one  finds  wild 
gooseberries  and  various  kinds  of  wild  currants  that  seem  to  be  able 
to  withstand  a  drier  climate  than  the  varieties  of  western  Europe 
wid  may  therefore  be  used  in  hybridization  work. 
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When  traveling  through  northern  Korea  in  the  summer  and  fall  of 
1906  the  writer  found  in  the  highlands  of  the  Changpektchang  region 
hundreds  of  acres  covered  with  fine  blueberries  (  Vaccininm  TnyrtittmX 
on  which  his  party  feasted  until  their  tongues  and  palates  were  dark 
purple  and  their  teeth  were  on  edge.  These  blueberries  are  certainly 
worthy  of  cultivation  in  cold,  bleak  districts  w^here  other  berries  will 
not  grow.  Even  in  the  wild  state  there  is  a  considerable  degree  of 
variation  among  them  as  to  size  and  sweetness  of  fruit,  and  superior 
varieties  could  easily  be  selected  and  multiplied. 

Here  and  there  in  shady,  moist  places,  in  the  same  localities 
where  the  blueberries  were  growing,  masses  of  mountain  cranberries 
{Vaccinium  vitis-idaea)  were  noticed,  but  the  scarlet,  fine-looking 
berries  were  somewhat  too  bitter  to  be  palatable. 

In  the  cooler  parts  of  northern  China,  Manchuria,  northern  Korea, 
and  eastern  Siberia  the  snowball  ( Vihumum  opulus)  often  occurs  in 
large  masses.  In  some  places  the  natives  collect  the  scariet,  juicy 
berries  and  make  preserves  of  them  by  boiling  the  fruit  and  mixing 
sugar  with  the  paste. 

Schizandra  chinensis  is  a  small  climbing  vine,  growing  in  shady 
thickets  in  Manchuria,  northern  Korea,  and  eastern  Siberia.  It  bears 
long,  dense  clusters  of  scarlet  berries  which  are  eaten  by  the  natives, 
who  claim  that  the  fruit  possesses  medicinal  properties,  being  a  blood 
purifier.  The  dried  fruit  is  exported  as  medicine  in  large  quantities 
from  Manchuria  to  various  Chinese  cities.  To  us,  however,  this  plant 
would  be  of  value  mainly  as  a  graceful  ornamental  climber.  (S.  P.  L 
Nos.  19602  and  20361.) 

Besides  these  regular  fruits,  many  wild  things  of  minor  importance 
are  used  for  food.  One  of  these  is  too  curious  to  omit.  There  grows 
in  some  parts  of  China  a  species  of  hackberry  (Celtis  sinengis).  This 
tree  is  sometimes  so  badly  attacked  by  a  gall  that  it  becomes  stunted. 
The  Chinese,  however,  eat  these  palls  while  green  and  before  the 
insect  inside  is  entirely  grown.  They  say  that  the  flavor  is  exactly 
like  that  of  a  cucumber,  and  for  this  reason  the  tree  is  called  the 
*'Shan  huang  kwa  shu,*'  or  wild  cucumber  tree. 

COLD-STORAGE  METHODS  IN  CHINA. 

It  is  a  fact  of  peculiar  interest  that  certain  methods  or  practices 
which  our  present  generation  considers  to  be  particularly  its  own  are 
found  to  have  been  practiced  for  no  one  knows  how  long  in  some  of  the 
oldest  countries  of  the  globe.  Cold  storage  is  one  of  them.  The 
Chinese  understand  the  principles  of  cold  storage  thoroughly.  Thej 
are  able  to  keep  grapes  from  one  year  to  another  by  storing  them  in 
deep,  dugout  cellars  that  are  kept  cold  with  baskets  of  broken  ice 
placed  among  the  baskets  of  fruit. 
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The  fruit  merchants  usually  keep  perishable  fruits  in  their  stores 
by  means  of  large  earthen  jars  with  very  thick  walls.  Broken  ice  is 
put  in  the  bottom  of  the  jar  and  upon  this  are  placed  woven  wicker 
baskets  in  which  the  fruit  is  kept.  The  jar  is  closed  with  a  wooden 
cover  that  often  has  a  strip  of  felt  around  it.  It  is  remarkable  how 
wdl  such  a  simple  contrivance  serves  its  purpose. 

To  obtain  the  necessary  ice  there  is  great  activity  in  the  neighbor- 
hood of  cities  and  villages  in  the  winter  time.  Ice  even  as  thin  as  half 
an  inch  is  gathered.  It  is  stored  in  houses  with  very  thick  mud  walls 
and  kept  there  nearly  the  whole  year. 

NT7TS  AND  NUT  CTJLTTTRE. 

Nuts  are  appreciated  by  the  Chinese  to  the  same  extent  that  they 
are  all  over  the  world,  but  nut  culture  is  as  little  practiced  in  China 
as  it  is  elsewhere,  for  nut-bearing  trees  and  shrubs  seem  to  have  the 
reputation  of  not  needing  much  cultivation.  One  therefore  finds 
that  a  great  many  of  the  various  nuts  obtained  in  China  have  been 
collected  from  trees  and  shrubs  in  a  wild  or  semi  wild  state. 

The  nuts  which  came  under  the  writer's  observation  are  as  follows: 

WALNUTS. 

[Chinese  name,  "Ho  to."] 

The  walnut  {Juglans  regia  sinensis)  is  a  native  of  northern  China 
and  thrives  to  perfection  in  the  rich,  loamy  soil  of  some  of  the  broad, 
sheltered  valleys  of  that  country.  In  some  sections  the  trees  are 
grown  in  regular  orchards,  in  other  localities  one  finds  them  planted 
here  and  there  as  solitary  specimens.  The  latter  practice  is  especi- 
ally conunon  in  the  narrow  mountain  valleys,  where  terraces  have 
often  been  made  to  supply  the  trees  with  a  sufficient  quantity  of  soil. 

The  Chinese  have  not  learned  the  art  of  grafting  or  budding  the 
wahiut,  and  all  the  trees,  therefore,  are  seedlings.  Hence,  there  is  an 
enormous  variation  in  the  habits  of  the  trees  and  in  the  size  and 
quality  of  the  nuts.  In  some  sections  very  superior  strains  of  nuts 
exist,  while  elsewhere  the  quality  is  poor.  In  the  vicinity  of  Changli, 
Chihli  Province,  there  are  some  walnut  orchards  in  which  the  trees 
vary  to  a  remarkable  degree.  Some  produce  small  hard-shelled  nuts 
of  poor  flavor,  while  others  bear  fine  large  nuts,  i^ith  a  really  tine 
flavor,  and  having  shells  so  thin  that  they  can  be  cracked  with  the 
fingers  like  a  peanut.  Between  these  extremes  one  finds  man3' 
gradations  in  hardness  of  shell,  size,  and  flavor.  It  is  very  likely 
that  some  kinds  of  these  Chinese  nuts  may  prove  to  be  much  hardier 
than  our  present  Persian  strain  of  walnuts  and  in  all  probability  they 
will  thrive  especially  well  in  certain  sections  of  the  southern  Rocky 
Mountain  region.  (S.  P.  I.  Nos.  17745,  17746,  17943  to  17946, 
18256,  18257,  18263,  18603,  and  18604.) 
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WILD   WALNUTS. 

[Chinese  name,  ''Shan  ho  to."] 

At  the  present  time  the  wakiut  is  but  very  sparingly  met  with  in 
the  wild  state.  Northern  China  has  been  settled  too  long  to  afford 
us  the  opportunity  of  seeing  much  of  her  original  wild  arboreal 
vegetation.  In  the  Pangshan  district,  however,  to  the  east  of 
Peking,  one  may  still  find  a  few  specimens  of  the  real  wild  walnut. 
They  ace  found  in  the  mountains,  growing  in  ravines  among  large 
bowlders.  The  trees  are  smaller  and  less  vigorous  in  growth  than 
the  cultivated  ones.  The  leaves  and  nuts  are  also  smaller  and  the 
latter  less  sweet  than  those  from  cultivated  trees,  but  otherwise  there 
is  little  difference.     (S.  P.  I.  No.  21877.) 

CHESTNLTS. 

[Chinese  name/* Li  tze."] 

The  ordinary  Chinese  chestnut  {Castanea  sp.)  grows  wild  on  the 
slopes  of  rocky  mountains  in  northern  China  and  southern  Man- 
churia. It  is  mostly  found  in  groves,  growing  among  rocks  and 
bowlders,  and  even  in  its  wild  state  it  varies  considerably  in  the  size 
and  flavor  of  its  nuts  and  the  spininess  of  the  burrs.  The  Chinese 
name  for  the  \^dld  form  is  **San  U  tze."     (S.  P.  I.  No.  21875.) 

The  nuts  have  been  planted  to  some  extent  on  the  mountain  slopes 
by  the  Chinese,  where  the  trees  receive  more  Or  less  cultivation.  All 
the  trees  being  seedlmgs,  there  is  veiy  great  variation  among  the^n 
in  regard  to  their  productivity  and  the  size  and  relative  sweetness  of 
the  nuts.  The  nuts  are  sold  extensively  in  autumn  and  eariy  winter 
in  all  Chinese  towns,  after  being  roasted  in  sand  with  which  molasses 
has  been  mixed.  This  roasting  in  sugared  sand  bleaches  the  nuts 
somewhat,  makes  them  shiny,  and  cracks  them  open  but  very  little. 

The  chestnut  of  northern  China  is  quite  distinct  from  that  of  Japan; 
it  can  stand  great  he^t  and  drought,  and  may  be  especially  useful  in 
the  Rocky  Mountain  region  of  the  United  States.  (S.  P.  I.  Nos. 
17876,  17877,  and  17896.) 

There  is  a  veiy  slender-leaved  chestnut  found  growing  in  some  of 
the  ravines  of  southeastern  Manchuria  and  northeastern  Korea. 
The  nuts  are  small,  but  when  the  tree  is  in  flower  it  is  very  ornamental, 
its  snowy-white  masses  of  catkins  contrasting  vividly  with  the  slender, 
glossy,  green  leaves. 

In  the  more  elevated  mountain  regions  of  China  a  dwarf  chestnut 
occurs,  generally  as  a  shrub  several  feet  high.  The  nuts  are  small 
but  very  sweet.  The  whole  plant  is  very  similar  to  the  North 
American  chinquapin.  It  can  be  used  as  a  fruiting  shrub.  Its  nuts 
are  very  sparingly  seen  in  the  markets  of  central  China  during  the 
early  winter. 
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HAZELNUTS. 

Three  wild  species  of  hazelnuts  occur  in  the  mountains  of  northern 
China,  Manchuria,  and  eastern  Siberia.  They  are  Corylus  hetero- 
phyUa,  0.  mandshirica,  and  a  third  species.  They  are  never  culti- 
vated, but  the  nuts  are  collected  and  sold  on  the  markets  throughout 
the  Far  East.  They  are  inferior  to  the  filbert,  but  seem  to  be  able  :o 
stand,  in  general,  more  drought  and  hardship.  For  this  reason  they 
might  be  tried  in  the  drier  sections  of  the  United  States  where  ordi- 
nary filberts  do  not  succeed. 

EDIBLE   PINE    SEEDS. 

Pine  kernels  are  sold  in  f i-uit  stalls  and  markets  all  over  the  Far 
East  and  are  eaten  as  delicacies.  Most  of  these  come  from  the  Pinus 
Jcoraiensis,  which  grows  as  a  stately  tree  in  the  virgin  forests  of  Man- 
churia, Korea,  and  eastern  Siberia.  They  are  called  ^^Sung  tze.'' 
(S.  P.  I.  Nos.  20089,  20090,  20315,  20316,  and  23220.) 
!  Besides  this  pine,  there  are  a  few  others  that  supply  these  kernels, 
jfci  the  Province  of  Shansi  a  small  round  pine  kernel  is  sold.  It  may  be 
Ae  seed  of  Pinus  bungeana.  It  is  called  ^^Kuo  tze'^  and  *^Sung  tze." 
(S.  P.  I.  Nos.  21997  and  22691.)  In  southern  and  central  China  some 
very  elongated  kernels  are  occasionally  to  be  had.  These  nuts  are 
often  used  by  the  higher  classes  for  cake  and  pastry. 

APRICOT    KERNELS. 

Foreigners  in  China  are  often  ser\'^ed  in  various  homes  and  hotels 
with  so-called  almond  cake.  One  of  the  main  ingredients  of  this  cake 
is  sweet  kernels,  so  closely  resembling  almonds  that  even  inteUigent 
foreigners  believe  that  they  are  eating  genuine  almonds.  This  sup- 
position has  given  rise  to  the  statement  that  almonds  grow  in  China. 
These  so-called  Chinese  almonds  are  the  kernels  of  a  particular  kind 
of  apricot  (Prunus  armeniaca),  grown  exclusively  for  its  seeds. 

There  are  several  varieties  of  apricots  that  produce  these  seeds. 
The  best  one  has  small  red  fruit  with  large,  medium-soft  stones  and 
sweet  kernels.  The  tree  of  this  particular  variety  is  of  very  erect 
growth,  quite  distinct  from  all  other  varieties  of  apricots.  It  is 
propagated  by  grafting  upon  seedUng  stock. 

Another  variety  bears  somewhat  larger  fruit,  also  of  a  red  color,  but 
the  tree  is  of  an  open  habit.  Then  there  is  a  yellow-fleshed  variety 
that  resembles  the  preceding  one  very  much  in  habit  of  growth.  The 
stones  of  the  last  two  varieties  are  not  so  easily  cracked,  however, 
M  those  of  the  first-mentioned  kind. 

Another  variety  that  came  imder  the  writer's  notice  has  a  bitter 
kernel,  used  only  in  small  quantities  to  give  flavor  to  confectionery 
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and  to  make  the  so-called  Chinese  ahnond  soup.  In  preparing  the 
latter,  rice  is  cooked  until  it  is  quite  soft,  then  pounded  and  mixed 
with  water  until  it  closely  resembles  milk,  then  a  few  bitter ' '  almonds" 
are  ground  up  and  mixed  with  this  rice  milk,  some  sugar  is  added,  and 
it  is  served  hot.  It  makes  a  delicious,  stimulating  soup  of  which  the 
Chinese  are  very  fond  of  partaking  in  the  evening  just  before  retiring. 
The  sweet  apricot  kernels  are  often  served  with  true  nuts  and 
raisins.  Sometimes  they  are  salted.  They  look  and  taste  exactly 
Uke  small  salted  almonds,  so  that  it  really  is  no  wonder  that  for- 
eigners have  come  to  consider  them  as  a  particular  kind  of  Chinese 
ahnond.     (S.  P.  I.  Nos.  17153,  17845,  18260,  and  18261,) 

OINOKO   NUTS. 
[Chinese  name,  *'  Pai  kua,''  meaaing  white  nut.] 

The  gingko  {Gingko  biloba)  is  grown  in  China  as  a  much  appre- 
ciated tree  in  the  courtyards  of  Buddhist  temples  and  near  shrines. 
The  white  nuts  are  eagerly  collected,  cleaned  of  the  ill-smelling  pidp 
that  surrounds  them,  and  sold  as  a  delicacy,  especially  in  central 
and  southern  China.  They  are  always  slightly  roasted  before  being 
eaten,  but  their  flavor  does  not  appeal  to  the  palate  of  the  Caucasian 
race. 

CASTANOPSIS   SEEDS. 

The  castanopsis  (Cdstanopsis  tibetana)  is  a  stately  evergreen  tree, 
bearing  edible,  chestnut-like  seeds.  The  trea  grows  100  feet  tall 
and  has  a  trunk  several  feet  in  diameter.  It  bears  glossy  dentate 
leaves,  dark  green  above  and  rusty  brown  beneath,  which  some- 
times reach  a  length  of  1  ^  feet  and  a  breadth  of  9  inches.  The  tree 
is  found  sparingly  in  protected  mountain  valleys  in  the  Chekiang 
Province.  It  was  discovered  in  the  vicinity  of  Hangchow  by  Bishop 
G.  E.  Moule,  of  the  Church  of  England  Missionary  Society,  throu^ 
whose  efforts  we  were  able  to  obtain  a  small  quantity  of  the  seetis, 
which  are  not  easy  to  obtain.  The  nuts  being  edible,  the  priests  of 
the  various  temples  are  very  fond  of  them,  and  the  many  rodents 
abounding  there  also  get  their  share  as  soon  as  they  ripen,  so  that 
one  has  to  be  on  the  spot  at  the  right  season  to  secure  a  supply. 

This  castanopsis  will  probably  grow  in  those  sections  of  the  United 
States  where  oranges  and  loquats  thrive,  where  the  soil  is  rich  and 
deep  and  where  some  shelter  can  be  afforded  to  the  plants,  at  least 
while  they  are  young.     (S.  P.  I.  No.  22915.) 
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WATER   CHESTNUTS. 
[Chinese  name,  "  Feng  ling."] 

Peculiar  water  chestnuts  (Trapa  hicomis),  resembling  a  buffalo 
mkdf  are  extensively  grown  in  all  the  canals  and  placid  streams  of 
he  Chehkiang  Province.  The  Chinese  plant  them  in  early  spring 
nd  protect  the  plants  by  means  of  fences  of  bamboo  stalks  staked  in 
be  water.  The  nuts  are  eaten  boiled  and  taste  somewhat  like  a 
enisalem  artichoke. 

The  labor  involved  in  collecting  the  seeds  and  protecting  the 
ilants  makes  this  crop  one  that  is  not  likely  to  succeed  in  any  country 
Kcept  where  labor  is  exceedingly  cheap  and  plentiful. 

VARIOUS  EDIBLE  SEEDS. 

PEANUTS. 

Peanuts  {Arachis  hypogaea)  are  cultivated  extensively  all  over 
Siina.     They  are  grown  for  oil  extraction  and  for  food. 

The  nuts  are  planted  in  the  spring  in  sandy  soil  and  are  harvested 
n  the  fall;  but  they  are  considered  so  valuable  that  the  soil  in  which 
hey  grow  is  sifted  so  as  to  get  even  the  smallest  nuts.  A  field  of  10 
tr20  acres  that  has  been  thus  sifted,  with  the  heaps  of  soil  lying  on 
t  in  regular  lines,  looks  as  if  manure  had  been  carted  on  in  compact 


There  are  but  few  varieties  of  peanuts  in  China.  The  ordinary 
uge  kind  is  the  same  as  seen  elsewhere  and  is  called  by  the  Chinese 
he  "foreign  peanut."  Its  introduction  seems  to  be  quite  recent. 
t  is  used  almost  exclusively  as  a  delicacy,  roasted  as  in  western 
iountries. 

There  is  a  small  variety,  however,  with  a  peculiar  shrunken  skin, 
hat  is  used  in  an  entirely  different  way.  These  nuts  are  steamed 
rith  salt  water  and  kept  in  weak  brine  until  used.  They  are  every- 
where eaten  cold  as  appetizers,  and  although  small  are  really  very 
Palatable  and  nutritious.  Sometimes  the  kernels  are  taken  out, 
lalted,  and  served  at  dinners,  but  on  account  of  their  small  size  they 
ire  being  replaced  by  the  larger  variety.     (S.  P.  I.  No.  22022.) 

WATERMELON    SEEDS. 

Watermelon  seeds  are  in  great  favor  with  the  Chinese  as  delicacies, 
tnd  no  one  can  go  to  the  theater  or  to  a  tea  house  without  being 
Jffered  some.     They  are  always  served  roasted. 

204 


56         AGRICULTURAIi  EXPLORATIONS  IN  THE  ORCHABDS  OF  CHINA. 

There  are  several  varieties — some  red,  others  black,  yellowish,  anc 
even  white.  The  red  varieties  seem  to  be  considered  the  best.  TTm 
Chinese  grow  a  few  strains  of  these  watermelons  solely  for  their  seeda 
for  which  there  is  always  a  great  demand.  It  might  perhaps  hi 
profitable  for  American  farmers  to  obtain  a  very  large-seeded  varietj 
of  watermelon  and  grow  it  exclusively  for  its  seeds,  to  be  exported 
to  Chioa. 

SQUASH   AND   PUMPKIN    SEEDS. 

Pumpkin  seeds  of  the  species  Cucurbita  maxima  ^  C.  pepo,  and  C, 
m/>schata  are  roasted  and  eaten  as  delicacies  all  through  China,  and 
also  bv  the  Russian  settlers  m  eastern  Siberia. 

BOTTLE-GOURD   SEEDS. 

Seeds  of  the  bottle  gourd  (Lagenaria  indgaris)  are  boiled  in  salted 
water  and  eaten  when  cold  as  .appetizing  delicacies  by  the  runl 
classes  in  China. 

SUNFLOWER   SEEDS. 

Sunflower  {Helianthus  annuuLs)  seeds  are  consumed  extensively, 
either  roasted  or  raw,  as  delicacies,  all  through  China  and  Siberia. 
The  black  and  white  striped  seeds  seem  to  be  the  most  in  favor  and 
are  grown  in  great  quantities  for  domestic  use. 

FIRMIANA   SIMPLEX. 

The  seeds  of  the  plant  frequently  known  as  Sterculia  ptatanifoHOf  \ 
the  correct  name  of  which  is  Firmiana  simplex,  which  is  grown  allj 
through  China  as  a  favorite  shade  tree,  are  sold  sparingly  as  deli-j 
cacies  in  central  China.  They  are  far  from  being  of  good  flavorJ 
however,  and  as  a  food  will  never  become  of  any  importance  to 
western  races. 
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Paffe. 

Actinidia  aiguta,  occurrence  in  China 49 

chinensis,  importation  from  China ; .        49 

kolomikta,  occurrence  and  use  in  the  Orient 48, 49 

AMIa,  introduction  into  China 40 

Alkali,  growth  of  resistant  pear  in  China 30 

Almonds,  use  of  apricot  kernels  as  substitute  in  China 21, 53-54 

Amygdalus  davidiana,  use  as  stock  for  propagation  of  peach  in  China 20, 21, 24 

See  also  Peach,  wild, 
persica.    See  Peach. 

nectarina.    See  Nectarine. 

Apple,  Siberian  crab,  use  as  a  stock  and  for  ornament  in  the  Orient 31-32 

true,  alniost  unknown  in  China 30 

varieties  cultivated  in  China 30-32 

Apricot,  wild  and  cultivated,  in  oriental  countries 20-22, 53 

Arachis  hypogaea.    See  Peanut. 

Banana,  distribution  in  China 47 

Berries,  thimble,  wild,  distribution  in  China 49 

wild,  miscellaneous,  distribution  in  China 49-50 

Blackberry,  distribution  in  China 49 

Blueberry,  distribution  in  China 50 

Bottle-gourd  seeds.    See  Seeds,  bottle-gourd. 
Bud  wood  of  peach.    See  Peach,  bud  wood. 
Buddha Vhand.    See  Lemon,  fingered. 

Budding,  practice  in  propagation  of  fruits,  in  China 9, 11, 17, 21, 24 

Buhse,  F.  A.,  on  habitat  of  the  peach 16 

Bush  cherry.    See  Cherry,  bush. 

Canarium,  methods  of  preparation  as  a  table  fruit  in  China 48 

C^mbola,  distribution  in  China 47 

Cwriere,  E.  A.,  description  of  persimmon 14 

Gastanopeis  tibetana.    See  Seeds,  castanopsis. 
Celtis  sinensis.    See  Hackberry. 

Chlnry,  bush,  culture  and  distribution  in  the  Orient 20, 24 

Chinese  sour,  occurrence  in  China 23 

distribution  and  culture  in  China 23-24 

dwarf  wild,  occurrence  in  China 24 

CSiestnut,  distribution  in  China 16, 52 

water,  cultivation  in  China 55 

Chinese  names  of  various  fruits.    See  Names,  Chinese. 

sour  cherry.    See  Cherry,  Chinese  sour. 
Citrus  aurantium  sinensis.    See  Orange,  sweet, 
decumana.    See  Pomelo, 
japonica.    See  Kumquat. 
medica  digitata.    See  Lemon,  fingered, 
nobilis.    See  Tangerine. 

trifoliata,  distribution  in  China 43 
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Cold  storage.    See  Storage,  cold. 

Confectionery,  use  of  peach  or  apricot  kernels  as  flavoring,  in  China 20, 53-54 

Corylus  heterophylla.    iSe«  Hazelnut, 
mandshurica.    See  Hazelnut. 
Crab,  Siberian.    See  Apple,  Siberian  crab. 

Cranberry,  mountain,  distribution  in  China 50 

suggestion  of  haw  as  substitute M 

Crataegus  pinnatifida.    See  Haw. 
Cucurbita  maxima.    See  Seeds,  pumpkin. 
moBchata.    See  Seeds,  pumpkin, 
pepo.    See  Seeds,  pumpkin. 

Cultivation,  Chinese  practice  in  fruit  culture 9, 17, 36 

Currant,  wild,  distribution  in  China 10,49 

Customs,  Chinese,  in  connection  with  fruit  culture 9-10 

("ydonia  sp.    See  Quince. 

Dioppyroe  costata,  variant  name  for  cultivated  pereimmon 14 

kaki.    See  Persimmon, 
lotus.    See  Persimmon,  wild. 
Dragon 's-claw  jujube.    See  Jujube,  dragon *8-claw. 
Dwarf  wild  cherry.    See  Cherry,  dwarf  wild. 

plum.    See  Plum,  dwarf  wild. 
Edible  pine  seeds.    See  Seeds,  pine. 

Emperor  of  China,  fruits  prepared  for  his  special  use 18, 26, 28, 37 

Eriobotrya  japonica.    See  Loquat. 
Euphoria  longan.    See  Longan. 
Fertilizers.    See  Manure. 
Ficus  carica.    See  Fig. 

Fig,  cultivation  in  China 47 

Firmiana  simplex  seeds.    See  Seeds. 

Fruits,  Chinese  methods  of  handling 13, 16, 18,33,48 

See  also  Storage,  cold. 

Fruits,  citrus,  distribution  and  culture  in  China 42-45 

hard,  preferred  by  the  Chinese 10, 21. 26. 49 

novel,  of  the  citrus  group,  in  China 45 

small,  sparingly  used  by  Chinese 10.49 

support  of  overloaded  branches,  by  Chinese 9, 12 

See  also  names  of  kinds  of  fruits. 
Gingko  biloba.    See  Nut,  gingko. 

Gooseberry,  distribution  in  China JO,  49 

Grafting,  practice  in  propagation  of  fruits,  in  China 9, 11, 16, 21, 23, 35, 45 

Grape,  culture  for  fruit,  in  China 9, 16, 40-42 

Guava,  cultivation  in  China 47 

Hackberry,  curious  product,  edible  in  China 50 

Hansen,  N.  E.,  on  growth  of  peaches  in  Mongolia 19 

Haw,  cultivation  and  distribution  in  China 33-35 

Hazelnut,  distribution  in  China 53 

Hehn,  Victor,  on  habitat  of  the  peach 17 

Helianthus  annuus.    See  Seeds,  sunflower. 

Henry,  Augustine,  coUection  of  benies  in  China 48 

Hosie,  Alexander,  on  use  of  dried  pears  in  China 26 

Hybridization,  suggested  usee  for  Chinese  fruits 19, 21, 31, 42, 49 

Ice,  methods  of  use  in  China 41, 51 
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Importations,  explanation  of  eerial  numbers : 12 

of  actinidia 48, 49 

apples 31,32 

apricots 21, 22, 54 

castanopsis 54 

cherries 23, 24 

chestnuts 52 

grapes 40,41,42 

haws 33,34,35 

jujubes 37, 40 

lemons 44 

loquats 35 

nagis 46" 

novel  citrus  fruits 45 

peaches 20 

peanuts 55 

pears 25,26,27,28,29,30 

persimmons '.   12, 13, 14, 15, 16 

pines 53 

plums 22, 23 

pomelos 44 

quinces 32, 33 

Schizandra  chinensia 50 

walnuts 51, 52 

Inarching,  method  of  propagating  the  litchi,  in  China 47 

Inaects,  methods  of  control,  in  China 10 

Introduction  of  seeds  and  plants,  explanation 12 

See  aUo  Importations. 

to  bulletin ^10 

Juglans  regia  sinensis.    See  Walnut. 

Jujube,  cultivated  and  wild,  in  China 9, 35-40 

dragon's-claw,  culture  for  ornament  in  China 40 

wild,  character  and  occurrence  in  China 40 

Kennedy,  Alexander,  on  value  of  the  loquat  crop 35 

Keraelfl  of  apricot  and  peach,  uses  by  Chinese 20, 21, 53-54 

Kumquat,  cultivation  in  China 43, 44 

Lagenaria  vulgaris.    See  Seeds,  bottle-gourd. 

Layering,  practice  in  propagation  of  fruits,  in  China 9, 24, 45 

Umon,  culture  for  fruit  and  ornament  in  China 44-45 

fingered,  growth  for  ornament  in  China 45 

Litchi  chinensia,  cultiure  and  distribution  in  China 46-47 

LoQgan,  culture  and  distribution  in  China 47 

Loquat,  culture  and  distribution  in  China 35 

Uttts-flower  persimmon.    See  Persimmon,  wild. 

Lykkegaarde,  Mr.  and  Mrs.,  cultivation  of  bush  cherries  in  Manchuria 24 

^usbaccata.    See  Apple,  Siberian  crab, 
pninifolia.    See  Apple,  cultivated. 
sylvestriB.    See  Apple,  true. 

Mandarin,  cultivation  in  China 43 

^nre,  use  in  fruit  culture  by  Chinese 9 

Moms  alba.    See  Mulberry . 

Moole,  G.  E.,  discovery  of  castanopsis  in  China 54 
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Fife. 

Mulberry,  occurrence  in  China 48 

Myrica  nagi.    See  Nagi. 

Nagi,  distribution  and  culture  in  China 45-46 

Names,  Chinese,  for  certain  novel  citrus  fruits 45 

edible  pine  seeds. 53 

the  actinidia 49 

apple '. , 30,31 

apricot 20 

cherry 23 

chestnut 52 

gingko  nut 54 

grape 40,42 

hackberry 50 

haw 33 

jujube 35, 36, 37, 38, 39, 40 

litchi 46 

longan 47 

loquat 35 

mulberry 48 

nagi 45 

peach 16,17,18,19 

pear 25,26,27,28,29,30 

persimmon 10, 11, 12, 13, 14, 15 

plum 22 

pomegranate 46 

quince 32, 33 

wahiut 51,52 

water  chestnut 55 

Nectarine,  rare  occurrence  in  China » 19 

Nevius,  Doctor,  introduction  of  western  fruits  into  China 30 

Numbers  of  seed  and  plant  introductions,  explanation ^ 12 

See  clUo  Importations. 

Nut,  gingko,  growth  and  use  in  China 54 

Nuts,  distribution,  culture,  and  uses  in  China * 51-55 

Oil  pear.    See  Pear,  oil. 

Orange,  sweet,  cultivation  in  China •. 42-^3 

Peach,  bud  wood,  obstacle  to  shipment  from  the  Orient 19 

Chinese,  suggestion  of  use  in  hybridization 19 

distribution  and  culture  in  China 16-20 

Peanut,  cultivation  and  uses  in  China 16, 55 

Pear,  oil,  occurrence  in  China 27 

use  of  wood  for  printing  blocks  and  combs  in  China 29 

wild  and  cultivated  in  China 25-30 

Peen  (Peento),  Chinese  name  for  group  of  Cling  peaches 17-1 

Persimmon,  culture  and  uses  in  China 10-16 

seedless,  description 11-12 

wild,  use  as  stock  for  grafting  in  China 11, 15-16 

Pine  seeds,  edible.    See  Seeds,  pine. 

Pineapple,  distribution  in  China 47 

Pinus  bungeana.    See  Seeds,  pine, 
koraiensis.    See  Seeds,  pine. 
Plant  and  seed  introduction.    See  Imp<Ntatiou. 
Plowing,  practice  by  Chinese  in  fruit  culture t 
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Page. 

Plum,  distribution  and  culture  in  China 22-24 

dwarf,  wild,  occurrence  in  China 24 

Plnmcot,  occurrence  in  China ; 22 

Pbmfigranate,  distribution  and  culture  in  China 46 

Pomelo,  distribution  in  China 43, 44 

Pbwell,  Q.  H.,  on  the  Chinese  origin  of  certain  varieties  of  the  peach 17 

hopagating,  methods  in  use  by  Chinese 30, 36, 45, 47, 51 

See  alio  Budding,  Grafting,  Layering,  etc. 

Pruning,  Chinese  practice  in  fruit  culture 9, 17 

Prunus  armeniaca.    See  Apricot, 
avium.    See  Cherry, 
humilis.    ^e^  Cherry,  dwarf  wild, 
mume.    See  Plum. 

pauciflora,  cultivation  in  China 24 

pseudo-ceraBus.    See  Cherry,  Chinese  sour, 
tomentosa.    See  Cherry,  bush, 
triflora.    See  Plum. 
Fndium  cattleyanum .    See  G uava. 
Pumpkin  seeds.    See  Seeds,  pumpkin. 
Punica  granatum.    See  Pomegranate. 

PyruB  betulaefolia,  character  and  habitat 30 

chinensis.    See  Pear,  wild  and  cultivated. 

Quince,  cultivation  and  use  in  China 32-33 

Raisins,  manufacture  in  China. 42 

Raspberry,  occurrence  in  China 10, 49 

Reinetka,  Russian  name  of  variety  of  apple 31 

Ringing,  practice  by  Chinese  in  culture  of  jujubes 38 

Roots,  treatment  when  transplanting  fruit  trees  in  China 9 

Royle,  J.  F.,  on  habitat  of  the  peach 16 

RubuB  idaeus.    See  Raspberry. 

Sampson,  Theo.,  on  grapes  in  China 40 

Schizandra  chinensis,  character  and  distribution  in  (he  Orient 50 

Seed  and  plant  introduction  numbers.    See  Importations. 
Seedlees  persimmon.    See  Persimmon,  seedless. 

Seeds,  bottle^urd,  use  in  China 56 

castanopsis,  use  in  China 54 

edible,  various,  use  in  China 55-56 

Firmiana  simplex,  use  in  China 56 

pine,  edible,  use  in  China 53 

pumpkin,  use  in  China 56 

squash,  use  in  China 5f» 

sunflower,  use  as  food  in  China  and  Siberia 56 

watermelon,  use  in  China 55^6 

Shaddock.    See  Pomelo. 

Shipping,  Chinese  methods  in  marketing  fruits 13, 18, 26, 33 

Siberian  crab  apple.    See  Apple,  Siberian  crab. 

Snowball,  distribution  in  the  Orient 50 

Soil,  cultivation  and  characteristics,  in  China 9, 10, 17, 21, 24, 25, 30, 36, 45  J 

Spinovitis  davidi,  possible  use  for  hybridizing 42 

Squash  seeds.    See  Seeds,  squash. 

Steiculia  platanifolia,  variant  name  for  Firmiana  simplex 56 
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Storage,  cold,  methods  in  China 12, 41, 50-51 

Sunflower  seeds.    See  Seeds,  sunflower. 

Tamopan,  name  of  seedless  persimmon 10, 12 

Tangerine,  cultivation  in  China 43-44 

Thimble  berries.    See  Berries,  thimble. 

Transplanting,  practice  by  Chinese  in  fruit  culture 9 

Trapa  bicomis.    ^e^  Chestnut,  water. 
Vaccinium  myrtillus.    See  Blueberry. 

vitis-idaea.    See  Cranberry,  mountain. 

Vedenski,  M.,  cultivation  of  plums  in  Khabarovsk 22 

Viburnum  opulus.    See  Snowball. 

Vitis  amurensis,  suggested  use  in  hybridizing 42 

vinifera.    See  Grape. 

Walnut,  culture  and  uses  in  China 16, 51-52 

Watermelon  seeds.    See  Seeds,  watermelon. 
White  loquat.    See  Loquat. 

Whitewash,  use  as  insecticide  in  China 10 

Wilson,  E.  H.,  collection  of  berries  in  China 49 

Winterkilling,  Chinese  methods  of  prevention,  in  grape  culture 41-12 

Zizyphus  sativa.    See  Jujube. 

spinosa.    See  Jujube,  wild, 
tortuoea.    See  Jujube,  dragon *8-claw. 
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U.  S.  Dbpabtubnt  of  Aobiotjltttbe, 

BuBEAu  OF  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  (7.,  Odoler  Sly  1910, 
Sir:  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  as  Bulletin  No.  205  of  the  series  of  this  Bureau  the  accom- 
panying manuscript,  entitled  "Seeds  and  Plants  Imported  During 
the  Period  from  October  1  to  December  31,  1909:  Inventory  No.  21; 
Nos.  26048  to  26470." 

This  manuscript  has  been  submitted  by  the  Agricultural  Explorer 
in  Charge  of  Foreign  Seed  and  Plant  Introduction  with  a  view  to 
publication. 

KespectfuUy,  G.  H.  Powell, 

Acting  Chief  of  Bureau. 
Hon.  Jahes  Wilson, 

Secretary  of  AgricvUure. 
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B.  P.  I.-626. 


SEEDS  AND  PLANTS  IMPORTED  DURING  THE 
PERIOD  FROM  OCTOBER  1  TO  DECEMBER 
31, 1909 :  INVENTORY  NO.  21 ;  NOS.  26048  TO 
26470. 


INTBODXrCTOBY  STATEMENT. 

Although  our  agricultural  explorer  Mr.  Frank  N.  Meyer  has  been 
in  the  field  during  the  period  covered  by  this  inventory,  the  material 
received  from  him  which  is  herein  recorded  is  but  a  small  part  of  the 
work  performed  by  him.  He  has  been  investigating  the  prevalence 
of  the  crown-gall  disease  of  the  apple  in  France  for  the  purpose  of 
ascertaining  whether  the  French  have  resistant  stocks ;  making  studies 
in  the  English,  French,  German,  and  Russian  arboreta  for  the  purpose 
of  familiarizing  himself  with  the  important  plants  and  plant  cultures 
of  Chinese  Turkestan,  which  region  it  is  expected  he  will  explore  this 
summer;  and  he  has  been  unexpectedly  delayed  for  six  weeks  in  St. 
Petersburg.  This  office  is  negotiating  by  correspondence  for  the 
valuable  material  he  has  reported  in  the  different  arboreta. 

To  the  fruit  growers  the  question  of  better  stock  plants  is  of  great 
importance  and  is  being  emphasized  more  strongly  now  than  ever 
before.  To  such  as  are  working  on  the  problem,  the  introduction 
from  Palestine,  through  Mr.  Aaron  Aaronsohn,  of  a  large  red-fruited 
variety  of  haw,  Crataegus  azarolus  (Nos.  26116  and  26354),  will  be 
interesting.  It  has  been  used  successfully  both  in  Tunis  and  Pales^ 
tine  and  is  considered  by  Mr.  Aaronsohn  to  be  an  ideal  stock  for 
dwarf  early  pears  in  our  arid  irrigated  regions  of  the  Southwest, 
where  the  question  of  growing  early  pears  is  attracting  attention.  A 
species  of  Photinia  (No.  26133)  from  western  China  is  sent  in  by  Mr. 
Meyer,  who  suggests  its  use  as  a  possible  stock  for  the  loquat. 

The  possibility  of  using  the  Chinese  brambles  for  the  production 
of  new  types  of  raspberries  has  been  pointed  out  as  promising, 
for  those  interested  in  this  field,  nine  species  of  Rubus  from  the 
Yangtze  Valley  (Nos.  26270  to  26278),  coUected  by  Mr.  E.  H.  Wilson, 
of  the  Arnold  Arboretum,  are  likely  to  prove  of  very  considerable 
interest. 
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The  problem  of  growing  in  this  country  the  large-fruited  En^M 
gooseberry  has  proved  difficult  to  solve  because  of  the  goosebernr 
mildew  to  which  all  English  gooseberry  varieties  seem  subject. 
Those  interested  in  this  fruit  will  be  glad  to  test  Dr.  W.  Van  Fleet's 
three  new  hybrids  between  Ribea  missouriense,  R.  eynosboHf  and 
R,  rotundifolium  crossed  by  R,  redinatum.  These  represent  twelve 
years  of  careful  wbrk  in  selection  from  hundreds  of  seedlings  from 
various  crosses,  and  preliminary  tests  have  shown  them  remarkably 
resistant  to  the  gooseberry  mildew.     (Nos.  26138  to  26140.) 

Feijoa  seUovnana  (Nos.  26120  and  26121)  is  a  new  fruit  from  Uru- 
guay w^hich  is  attracting  some  attention  in  California  and  Florida, 
since  it  is  said  to  withstand  more  cold  than  the  guava  and  to  have 
a  unique  flavor  of  its  own  which  is  especially  relished  by  many.  An 
acid-fruited  species  of  Psidium  lauHfolium  (No.  26413),  from  Trini- 
dad, will  interest  those  who  believe  in  the  future  of  the  guava  and  its 
jelly-making  qualities,  since  it  is  said  to  jelly  much  quicker  than  the 
common  West  Indian  varieties  and,  quite  distinct  from  them,  to  have 
an  agreeable  acidity. 

To  the  Florida  and  California  fruit  growers  who  are  watching  the 
possibilities  of  the  anonas,  the  introduction  of  eight  large-frdted, 
smooth-skinned  varieties  from  Chile  will  be  of  interest.  (Nos.  26148 
to  26155.) 

The  loganberry  is  already  well  known  in  the  United  States  and  those 
who  realize  its  value  will  doubtless  wish  to  test  the  lowberry  (No. 
26197)  and  Low's  Phenomenal  raspberry-loganberry  hybrid  (No. 
26198),  which  are  said  to  be  new  rivals  of  the  loganberry. 

Those  who  are  experimenting  with  forage  plants  will  be  interested 
in  a  new  importation  of  shaftal,  THfolium  suaveclens,  from  Tashkend 
(No.  26135),  a  clover  which  is  being  given  a  thorough  trial  in  the  irri- 
gated regions  of  the  Southwest.  Although  normally  an  annual,  this 
species  behaves  as  a  perennial  if  regularly  cut  for  hay.  The  Wallaby 
grass,  Danthonia  semmnnularis,  from  New  Zealand  (No.  26119),  ii 
recommended  especially  for  heavy  clay  soils  or  gumbo  lands  subject 
to  drought;  and  ray-grass,  Lolvum  stridum  (No.  26200),  coming  fron^ 
the  dry  regions  along  the  Mediterranean,  is  recommended  by  the  vet- 
eran experimenter,  Doctor  Trabut,  of  Mustapha,  Algiers,  as  being  ad 
excellent  forage  grass,  an  annual  worthy  of  cultivation  in  the  South- 
west; while  the  New  Zealand  rice-grass,  Microlaena  sHpoides  (No. 
26118),  may  find  a  use  in  America  for  pasture  or  lawn  purposes. 

Potato  breeders  have  already  shown  an  interest  in  the  introduction 
of  a  few  tubers  of  a  species  of  Solanum  thought  to  be  a  wild  hybrid  ol 
Solanum  tuberosum  (No.  26122),  which  has  been  used  by  Mr.  Patoi^ 
of  Scotland,  to  originate  what  he  believes  are  varieties  practicalljj 
inunune  to  the  potato  blight,  Phytophthora  infestans.    Intere8tiq|| 
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varieties  have  also  been  introduced  from  Bogota,  Colombia  (Nos. 
26126  to  26129). 

The  Arracacia  of  South  America  forms  a  staple  food  of  the  Vene- 
zuelans, who  know  it  under  the  name  of  apio.  It  is  cultivated  in 
high  altitudes  and  requires  a  long  season  in  which  to  mature.  It 
deserves  a  thorough  trial  in  the  South  to  determme  where  it  will  suc- 
ceed.    (No.  26204.) 

The.  destructive  fungous  disease  of  the  chestnut,  which  threatens  to 
destroy  the  native  chestnut  trees  of  ihe  Atlantic  coast  region,  makes 
the  production  of  a  chestnut-chinquapin  hybrid  of  unusual  interest, 
since  its  resistance  to  this  bark  disease  may  furnish  a  way  out  of  a 
situation  which  seriously  threatens  the  chestnut  industry.  Doctor 
Van  Fleet's  hybrids  (Nos.  26230  to  26236)  have  so  far  shown  a  high 
degree  of  immunity  to  the  disease. 

The  interest  in  the  Japanese  flowering  cherry  trees,  which  have  been 
found  to  succeed  well  in  the  United  States,  makes  it  worth  while  to 
call  attention  to  seven  Chinese  flowering  cherry  trees  from  the  Yangtsse 
Valley,  collected  by  Mr.  E.  H.  Wilson,  of  the  Arnold  Arboretum. 
(Nos.  26246  to  26262.) 

For  many  years  attempts  have  been  made  to  introduce  the  cliff- 
grown  tea  and  the  teas  from  the  Dragon  Pool,  of  the  Kienningfu  and 
Wuishan  districts  of  China,  but  without  success.  Through  the  kind 
assistance  of  Mr.  Rockhill,  ambassador  to  Russia,  formerly  American 
ambassador  to  China,  and  the  hearty  cooperation  of  the  American 
consul  and  vice-cohsul  at  Foochow,  fourteen  varieties  of  these  spe- 
cially noted  teas  have  been  introduced  and  are  being  propagated. 

As  heretofore,  the  work  of  identification  and  nomenclature,  as 

well  as  that  on  the  geographical  distribution,  has  been  done  by  Mr. 

H.  C.  Skeels  under  the  supervision  of  Mr.  W.  F.  Wight,  of  the  Office 

of  Taxonomic  and  Range  Investigations,  and  the  manuscript  has 

been  prepared  by  Miss  Mary  A.  Austin. 

David  Faibohild, 

Agricultural  Explorer  in  Charge, 

Office  of  Foreign  Seed  and  Plant  Intboduction, 

Washinffton,  D.  C,  March  7, 1910. 

65739^— Bui.  206—11 -2 


INVENTORY. 


28018  and  26049.    Pbunus  spp. 

From  the  Himalayas.  Presented  by  Mr.  E.  Shearer,  Assistant  Inspector-General 
of  Agriculture  in  India,  Nagpur,  Central  Provinces,  India.  Received  October 
2,1909. 

Seeds  of  the  following: 

26048.  Prunus  armeniaca  L.  Apricot. 

**8han.  A  nursery  of  shari  plants  is  prepared  in  January  each  year.  The 
soil  is  first  dug,  properly  cleaned,  and  manured;  ditches  are  then  made  about 
4  inches  deep  and  the  seeds  are  put  in  and  covered  with  earth.  These  seeds 
germinate  in  the- following  March. 

"These  plants  are  then  transplanted  where  desired  in  January  next,  i.  e., 
after  one  year.  They  are  planted  in  pits  dug  deep  enough  and  are  watered 
every  second  or  third  day  until  they  take  root  in  the  ground.  Shari  plants- 
when  grafted*  with  am  (peach)  give  a  better  variety  of  shari  fruit.''    (Shearer,) 

26049.  Pbunus  sp.  Pluzn. 

**Aloocha,  The  season  and  process  of  sowing  this  seed  are  the  same  as  that  of 
shari  (apricot)  (S.  P.  I.  No.  26048). 

"Jamun  (wild  cherry)  and  am  (peach)  when  grafted  on  aloocha  plants  pro- 
duce fine  varieties  of  jamun  and  am,  respectively."    (Shearer.) 

M060.    AuBUBiTES  TBisPERMA  Blanco.  Banucalag. 

From  Philippine  Islands.  Presented  by  Mr.  Elmer  D.  Merrill,  Bureau  of  Science, 
Manila.    Received  October  2,  1909. 

"As  there  are  probably  no  live  specimens  of  this  species  in  America  to-day,  these 
seeds  were  procured  to  grow  plants  for  trial  in  the  tropical  possessions  of  the  United 
States.  A  portion  of  them  will  also  be  used  for  the  expression  of  a  sample  of  oil  to 
be  tested  in  the  Bureau  of  Chemistry  of  the  United  States  Department  of  Agriculture 
in  Washington  in  comparison  with  oils  derived  from  other  species  .of  Aleurites. 

"This  species,  which  yields  a  valuable  drying  oil,  is  found  in  the  Philippines;  so 
^  as  known,  it  is  restricted  to  these  islands  and  is  comparatively  rare  but  quite  gen- 
endly  distributed.  This  plant  is  botanically  known  as  AUwriUs  triaperma  Blanco, 
but  carries  also  the  synonym  Aleurites  aaponaria  Blanco.  It  is  known  locally  as 
'banucalag,'  'lumbang banucalag,'  'lumbangbanucalad,' '  baguilumban,'  *calumban,' 
or  ^lumbang  gubat,  *  besides  having  a  variety  of  other  names  in  the  different  provinces. 
It  is  much  mixed  and  confused  with  the  tme  lumbang  (Aleurites  moluccana),  espe- 
cially when  information  in  regard  to  it  is  sought.  : 

'*  Aleurites  irisperma  belongs  to  the  same  section  of  Aleurites  as  the  Chinese  and  ' 

Japanese  species;  this  may  readily  be  seen  by  comparing  the  seeds  and  foliage  of  . 

these  three  plants.    The  seeds  resemble  those  of  Aleurites  fordiif  while  the  leaves  i 

iwemble  those  of  Aleurites  oordata.  The  seeds  are  somewhat  larger,  however,  than 
those  of  the  China  wood-oil  tree,  beeideB  being  thicker  shelled  and  of  a  distinct  brick- 
red  cobr."    (W.Fischer.) 

206  J 

11 


12    *  SEEDS  AND  PLANTS  IMPORTED. 

26051  to  26064.    Glycine  hispida  (Moench)  Maxim.      Soy  bean. 

From  Nankiiig,  China.  Presented  by  Dr.  F.  B.  Whitmore.  Received  September 
13, 1909.    Numbered  October  4, 1909. 

Seeds  of  each  of  the  following: 

26061.    Yellow.  20053.    Green. 

26002.    YeUowiflh  green.  26064.    Black. 

26065  to  26061.    Sacohabuh  officinarum  L.  Sugar  cane. 

Presented  by  Mr.  Edward  W.  Knox,  general  manager  of  the  Colonial  Sugar  Refin- 
ing Company  (Limited),  Sydney,  New  South  Wales,  Australia.  Recdved 
October  4, 1909. 

Seeds  of  each  of  the  following;  notes  by  Mr.  Knox: 

26056.    Striped  Singapore.    '*  Standard  variety,  medium  tiucknesBy  moi^imn 
quality.    Very  similar  to  Rose  Bamboo,  but  striped  amber  and  red." 

26056.  Rose  Bamboo.  *' Standard  variety,  medium  tonnage  and  sweetness, 
medium  thickness,  straw-rose  color.'' 

*  These  are  at  present  most  grown  in  the  drier  districts  of  Fiji,  being  of  very 
fair  weight  and  sweetness.  According  to  Mr.  J.  Clark  (one  of  our  officers  who 
recently  paid  a  visit  to  Demerara  and  Barbados)  Striped  Singapore  is  the 
striped  variant  of  the  cane  called  White  Transparent  in  the  West  Indies;  Rose 
Bamboo  is  an  allied  cane  which  is  very  nearly  identical  with  Wliite  Transparent, 
the  latter  being  called  Yellow  Singapore  in  Fiji.  The  obvious  difference 
between  Rose  Bamboo  and  Yellow  Singapore  is  that  the  latter  is  someiriiat 
thicker  in  the  stalk  and  arrows  very  freely,  while  the  former  rarely  flowen." 

26067.  BadUa.  *'Best  variety  in  Fiji  and  Queensland.  Very  heavy  and 
very  sweet,  thick,  purple.'' 

26068.  MohoTM.    '*  Early  maturing,  successful  variety  in  New  South  Wales, 
•but  dies  off  early  in  the  season  in  tropical  Queensland  and  Fiji;  rather  thin, 

purple;  white  bloom." 

'These  have  been  obtained  from  New  Guinea.  Badila  is  a  dark-purple 
cane  of  stout  build,  giving  heavy  and  sweet  crops  under  favorable  conditions, 
but  being  a  slow  grower  at  the  start.  Mohona  is  of  a  lifter  purple  color,  d 
medium  size  and  yield,  attaining  high  sweetness  when  comparatively  young, 
readily  going  back  in  quality  in  the  Tropics,  but  much  more  enduring  in  semi- 
tropical  districts.    It  supplies  very  fertile  seeds." 

26069.  HQ.  10.  ''Fairly  sweet  variety,  fair  tonnage,  seedling  raised  from 
Mohona  by  Mr.  J.  Clark  at  Hambledon,  Queensland.    Thin,  olive-green." 

26060.  HQ.  50.  "Seedling  raised  from  Mohona;  rather  thin,  purple;  white 
bloom;  good  cropper;  good  quality;  raised  at  Hambledon,  Queensland." 

"These  are  both  sweet  and  have  given  tidr  crops  so  far  when  tried  on  small 
areas  only." 

26061.  Coavi  87.  "This  is  a  thick,  purple  Mauritius  seedling,  giving  a 
heavy  crop,  which  is  somewhat  discounted  by  shortcomings  as  regards 
quality.  Seed  from  this  variety  is  more  fertile  than  that  from  any  other 
known  by  us." 

26062  to  26066.    Musa  texttlis  N6e.  Manila  hemp. 

From  Davao,  Mindanao,  Philippine  Islands.  Presented  by  Mr.  M.  M.  Saleeby, 
in  charge  of  fiber  plants,  Bureau  of  Agriculture,  Manila,  through  Mr.  Lyster 
H.  Dewey.    Received  October  4, 1909. 
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26063  to  26066— Continuod. 

Seedfl  of  each  of  the  following: 

26062.  Tanffuyon  (also  spelled   Tangouan  and  Tongongon). 

26063.  LiinUan. 

26064.  PtUeean. 

26066.     Arupan. 

''Mr.  Saleeby,  who  is  making  a  careful  study  of  abacd  (Manila  hemp),  writes  that 
aldiough  abac4  seedlings  are  often  found  in  the  fields  in  well-shaded  moist  places, 
he  has  never  found  good  plants  growing  directly  from  the  seeds.  He  suggests  trying 
to  grow  plants  from  root  cuttings  or  suckers  from  the  seedlings  that  we  may  secure. 
He  also  states  that  he  finds  seedlings  only  in  soil  well  drained  yet  constantly  moist 
and  constantly  shaded.  I  would  suggest  that  these  seeds  be  grown  with  a  view  to 
sending  the  young  plants  to  Porto  Rico.''    (Dewey.) 

28067.     Beta  vulgaris  L.  Beet. 

From  Siciily.    Presented  by  Dr.  Carl  Sprenger,  Hortus  Botanicus  Vomerensis, 
Vomero,  Naples,  Italy.    Received  October  5,  1909. 
Seed  collected  in  a  wild  state. 

26068.     Apium  obayeolens  L.  Celery. 

From  France.  Presented  by  Mrs.  E.  M.  Sheridan,  2300  G  street  NW.,  Washing- 
ton, D.  C,  who  procured  the  seed  from  Vilmorin-Andri^ux  &  Co.,  Paris,  France. 
Received  October  5.  1909. 

Improved  Paris  celeri-rave  (Falaise) .  "The  taste  of  this  is  similar  to  the  meat  of  the 
luge  artichoke  and  only  requires  boiling  and  a  dressing  of  drawn  butter  gravy  after 
it  is  cut  in  slices  or  small  chunks.*'    (Sheridan.) 

"Sow  in  February  or  March  in  a  bed  under  glass;  set  out  in  well-manured  ground  at 
a  distance  of  30  to  40  centimeters  (12  to  16  inches) .    Harvest  in  August  and  September. 

" Plant  in  nursery  beds  in  April  or  May;  set  out  in  May  or  June.  Gather  in  October 
or  November  and  keep  during  the  winter. 

"A  variety  obtained  by  Mr.  Falaise  and  distinguished  from  the  common  celeri-rave 
by  a  much  greater  development  of  the  root.  Foliage  tolerably  high  with  slender 
petioles,  dark  green,  strongly  tinted  with  red;  the  leaves  themselves  are  large,  tolerably 
senate,  of  a  dark  and  shining  green,  especially  on  the  upper  part  of  the  stalk.  It  is  the 
race  most  liked  by  the  Parisian  market  gardeners;  it  is  an  improvement  on  Large 
Smooth  Paris  celeri-rave,  which  it  has  replaced  and  which  was  itself  a  good  selection 
from  Common  celeri-rave."    (VilTnorin-Aridrieux  ds  Co.) 

28069.     Aralia  cordata  Thunb.  Udo. 

From  New  York,  N.  Y.    Purchased  from  J.  M.  Thorbum  &  CJo,    Received 
'    October  7, 1909. 

Kcm,  See  Bureau  of  Plant  Industry  Bulletin  42  for  description;  also  S.  P.  I.  No. 
9166. 

2fl07O  to  26077.    Medicago  spp. 

From  Chico,  Gal.    Grown  at  the  Plant  Introduction  Garden  by  Mr.  Roland 
McKee.    Received  September  22,  1909. 
Seeds  of  the  following;  descriptive  notes  by  Mr.  McKee: 
26070.    Medicaoo  hispida  confinis  (Koch)  Biunat. 

"This  is  a  selection  from  S.  P.  I.  No.  16771  made  at  Chico,  Cal.,  in  1906.    It 
is  a  prickleless  form  of  bur  clover  and  well  adapted  for  pasturage,  especially  for 
sheep.    It  should  be  tested  throughout  the  southern  and  southwestern  United 
States.     It  has  been  grown  for  the  increase  of  seed." 
206 


14  SEEDS  AND  PLANTS  IMPORTED. 

26070  to  20077— Continued. 

DistributUm. — ^The  British  Islands,  France,  Spain  and  Portugal,  Italy,  and 
the  Balkan  Peninsula. 

26071.  Medicago  hibfida  nigra  (L.)  Bumat. 

'^Seed  in  the  bur  was  received  at  the  Plant  Introduction  Garden,  Chico,(^., 
in  December,  1905,  from  the  University  of  California.  It  perhaps  will  succeed 
wherever  M.  hispida  dentietdata  or  M.  arabioa  does  well.  In  California  it  is 
perhaps  a  little  more  aggressive  than  M.  hispida.  Of  value  for  psstuiBge  and 
soil  improvement.*' 

DUtrUmtion. — ^The  European  countries  bordering  on  the  Mediterranean  Sea, 
including  Spain,  southern  France,  and  Italy;  also  in  the  Balkan  PaunsuK 
Asia  Minor,  Syria,  Palestine,  and  northern  Africa. 

26072.  Medicago  hispida  nigra  (L.)  Bumat. 
Same  as  No.  26071. 

26073.  Medicago  hispida  Gaertn. 

''Seed  in  the  bur  was  received  at  the  Plant  Introduction  Garden,  Chico,  €al., 
in  December,  1905,  from  the  University  of  California.  Of  value  for  pastaiage 
and  soil  improvement  wherever  common  bur  clover  is  adapted." 

Distribution. — ^The  Mediterranean  region. 

26074.  Medicago  hispida  Graertn. 
Same  as  No.  26073. 

26076.    Medicago  hispida  terebbllum  (Willd.)  Urban. 

''Seed  in  the  bur  received  at  the  Plant  Introduction  Garden,  Chico,  Cal.,  in 
December,  1905,  from  the  Uni veisity  of  California.  This  is  practically  a  prickle- 
less  form  of  bur  clover  and  needs  to  be  tested  extensively  in  the  West  and  Sooth 
for  pasturage  and  soil  improvement." 

Distribution. — ^The  countries  along  the  Mediterranean,  from  Spain  to  Pales- 
tine and  Egjrpt. 

26076.  Medicago  uuricata  (L.)  All. 

"This  is  a  selection  made  from  seed  which  was  received  at  the  Plant  IntRh 
duction  Garden,  Chico,  Cal.,  in  December,  1905,  from  the  University  of  Cali- 
fomia.  It  is  a  form  of  bur  clover  having  a  large  but  very  hard  bur.  Should  be 
tested  in  sections  adapted  to  bur  clovers.^' 

Distribution. — ^The  province  of  Riviera,  southern  France,  and  in  Dalmatia, 
Croatia,  and  Herzegovina,  southern  Austria. 

26077.  Medicago  scutellata  (L.)  Miller. 

"Seed  in  the  bur  was  received  at  the  Plant  Introduction  Garden,  Chico,  CaL, 
in  December,  1905,  from  the  University  of  California.  This  is  a  form  of  bur 
clover  having  a  very  large  papery  pod,  making  it  especially  desirable  for  paq|bn^ 
age.    It  should  be  tested  in  particular  in  the  warmer  sections  of  the  South." 

Distribution. — ^The  Mediterranean  region. 

26078.     Capbiola  incompleta  (Nees)  Skeels. 

Cynodon  incompletv^  Nees,  Liniuea  7:  301.    1832. 

The  genus  Capriola  was  established  by  Adanson  in  1763,  while  Cynod<m 
was  not  published  until  1805,  forty-two  years  later.  Dactilon  was  pro- 
posed'for  the  same  genus  by  Yillars  in  1787  and  Fibichia  by  Koeler  in 
1802. 

From  Pretoria,  Transvaal,  South  Africa.  Presented  by  Prof.  J.  Burtt  Davy, 
government  agrostologist  and  botanist,  Transvaal  Dei)artment  of  Agricultore. 
Received  October  14,  1909. 

"This  is  closely  related  to  common  Bermuda  grass."    (C.  V.  Piper.)  (Roots.) 
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86078 — Continued. 

Dtttrtbution. — ^Thia  species  occurs  in  South  Africa  and  was  originally  described 
from  "Gaaup,"  in  the  district  of  Beaufort,  Cape  Colony.  It  has  since  been  found  in 
various  localities  from  the  vicinity  of  Lydenbuig,  Transvaal  Colony,  southward, 
and  westward  to  the  banks  of  Orange  River  in  Little  Namaqualand.  In  the  central 
region  of  Cape  Colony  it  is  found  at  elevations  of  3,000  feet. 

SWIOO.    ZizTPHUs  SATIYA  Gaertn.  Chinese  date. 

From  Chekiang  Province,  China.    Presented  by  Mr.  J.  H.  Judson,  Hangchow, 
China.    Received  April  21,  1908.    Numbered  October  6,  1909. 

*'I  can  not  say  whether  these  plants  are  of  a  named  variety  or  not.  The  Chinese 
have  three  kinds  on  the  market,  which  they  call  red,  black,  and  honey  dates." 
(Judson.) 

26110  and  26111. 

From  Beirut,  Syria.    Presented  by  Mr.  A.  E.  Day,  professor  of  natural  science. 
The  Syrian  Protestant  College.    Received  October  8, 1909. 

Seeds  of  each  of  the  following: 

26110.  CnouBBiTA  PBPO  L. 

"Ei«o."    See  No.  22810  for  description. 

26111.  CuOTTMis  8ATIVU8  L.  Cuoumber. 

"We  eat  freely  of  this  cucmnber,  and  it  is  a  common  sight  to  see  a  Syrian 
child  one  or  two  years  old  chewing  away  at  one;  it  does  not  seem  to  hurt  them.'' 
(Day.) 

26112.    BiospTBos  DISCOLOR  Willd.  Mabola  fruit. 

From  Philippine  Islands.    Presented  by  Mr.  William  S.  Lyon,  Gardens  of  Nagta- 
jan,  Manila.    Received  October  11, 1909. 

**^A  small  tree,  native  of  the  Philippine  Islands,  introduced  into  India  and  culti- 
vated in  gardens,  especially  in  Vizagapatam.  The  fruit  is  like  a  large  quince  and 
in  some  places  is  called  mangosteen;  its  proper  name  should  be  the  Mabola  fruit. 
It  is  agreeable  and  has  a  pink-colored  fleshy  rind.''  (Extract  from  Watt^  Dictionary 
of  Economic  Products  of  India,  vol.  5,  p.  138.) 

See  No.  19216  for  previous  introduction  and  description. 

26116.      MUCTJNA  GIGANTBA   (Willd.)  DC. 

From  Buntal,  at  the  mouth  of  Sarawak  River,  Sarawak,  Borneo.    Flcesented 
by  Mr.  J.  C.  Moiilton,  curator,  Sarawak  museum.    Received  October  12, 1909. 

Black.    See  No.  25514  for  distribution. 

26116.  Crataegus  azasolus  L. 

From  Zichron-Jacob,  near  Hai&i,  Palestine.    Presented  by  Miss  Rifka  Aaron- 
sohn,  through  Mr.  A.  Aaronsohn.    Received  October  4,  1909. 

"Arabian  name  za'arur.  This  species  is  very  abundant  throughout  the  Orient, 
where  a  great  many  varieties  and  forms  of  it  are  foimd.  It  grows  wild  on  the  slopes  of 
dry,  arid  hills,  preferably  amongst  calcareous  rocks.  It  is  a  shrub  with  spiny  branches 
from  1.5  to  4  or  5  meters  in  height,  with  a  diameter  of  10  to  30  centimeters.  It  is 
rather  a  slow  grower. 

"In  the  spring  it  beiara  dense  corymbs  of  white  flowers  which  are  pleasantly  fra- 
grant.   The  size  of  the  fruits  varies  in  different  varieties.    Some  have  fruits  as  laig« 
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2B116— Continued. 

a0  1  inch  in  diameter.  The  acid  flesh  has  a  delicate  flavor,  but  there  is  not  enough 
of  it  to  give  the  fruits  a  commercial  value.  Fruits  are  occasionally  found,  hovever, 
that  are  practically  without  seeds  and  it  might  be  possible  to  fix  this  chancter  by 
selection.    As  it  is  the  fruit  is  often  sold  in  the  oriental  markets. 

"I  particularly  recommend  this  Crataegus  as  a  stock  for  pesos.  It  is  good  for  dry 
localities  at  any  altitude.  It  is  found  as  low  as  200  meters  below  the  level  of  the 
Mediterranean  in  the  valley  of  the  Jordan  and  as  high  as  1,800  meters  above  sea  levd 
in  the  desert  near  Petra.  It  ought,  therefore,  to  thrive  in  southern  Oslifoniia  as 
well  as  on  the  plateaus  of  Colorado. 

''My  personal  experience  has  shown  that  a  top  graft  6  inches  or  a  foot  above  the 
ground  is  the  best  for  this  stock.    It  is  best  suited  for  the  early  varieties  of  pesn. 

''I  recommend  this  as  a  stock,  therefore,  in  high,  arid  situations  where  water  is 
scarce  or  costly.  It  is  an  ideal  stock  for  dwarf  early  pears.  At  Indio,  Oal.,  for 
instajice,  it  ought  to  yield  prime  fruit  with  very  little  irrigation. 

''Palestine  (where  my  fatilier  has  had  trees  grafted  in  Ihis  way  for  IB  yeus)  is  not 
the  only  region  in  which  Crataegtts  azarolus  has  been  used  as  a  stock  for  die  pear. 
Mr.  Dumont  has  used  it  for  the  same  purpose  near  Tunis. 

"I  speak  of  pears  because  I  have  had  personal  expmence  widi  this  fruit.  But  I 
can  see  no  reason  why  it  would  not  do  as  well  as  a  stock  for  dwarf  early  vpf^m.^^ 
{A.  Aaronsohn.) 

DiatribtUion. — ^A  native  of  southern  Europe,  western  Asia,  and  northern  Africa, 
being  found  in  Spain,  Italy,  Crete,  Caucasia,  Asia  Minor,  Syria,  Palestine,  Arabia; 
Persia,  and  Algeria. 

26117.    Medicago  satxya  L.  Alfiedfia. 

From  Indian  Head,  Saskatchewan,  Canada.  Presented  by  Mr.  Angus  Mackay, 
superintendent.  Dominion  Experimental  Farm  for  Saskatchewan,  throng 
Mr.  Charles  J.  Brand.    Received  October  18, 1909. 

Qrimm, — "Grown  at  Indian  Head  from  S.  P.  I.  No.  12991;  seeded  in  comparison 
with  eight  other  strains  in  the  spring  of  1905.  No.  12991  was  produced  in  Minnesota 
in  1904  and  was  secured  from  Mr.  A.  B.  Lyman,  Excelsior,  Minn.  In  the  Indian 
Head  experiments  it  has  proven  from  the  first  (1905  to  1909)  to  be  the  best  of  the 
nine  strains  under  test.''     (Brand.) 

26118  and  26119. 

From  Wellington,  New  Zealand.  Presented  by  Mr.  T.  W.  Kirk,  Biologist, 
Department  of  Agriculture.    Received  October  18, 1909. 

Seeds  of  the  following: 

26118.    MicROLAENA  STiPoiDBS  (Labill.)  R.  Br.    New  Zealand  zioe-gcaas. 

A  native  grass,  much  relished  by  all  kinds  of  stock;  the  herbage  is  of  a  rich 
green  color,  and  is  produced  in  great  abundance. 

DutrUmtUm. — ^A  native  of  New  Zealand  and  Australia,  where  it  is  widely 
distriblited  and  used  for  a  lawn  and  pasture  grass. 

26110.    Danthonia  sbmiannularis  (Labill.)  R.  Br.  Wallaby  gnuv* 

A  grass  which  does  well  on  any  of  the  poorer  classes  of  gumbo  land,  also  od 
heavy  clay  soils.  It  stands  drought  with  impunity,  and  throws  up  a  good 
quantity  of  feed,  which  is  eaten  by  all  classes  of  stock. 

See  No.  21024  for  previous  introduction. 

Distribution. — New  Zealand,  Tasmania,  and  the  temperate  parts  of  Austialia. 
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16120  and  26121.     Feijoa  sellowiaxa  Berg. 

From  Los  Angeles,  Cal.    Presented  by  Mr.  H.  Ilehre.    Received  October  11, 1909. 
Seeds  of  the  following: 

26120.  "These  fruits  were  raised  from  a  plant  imported  by  me  from  Europe  a 
number  of  years  ago  and  which  has  been  bearing  r^;ular  crops  for  five  or  six 
yesuB.*'    (Hehre.) 

26121.  "These  fruits  are  from  a  plant  originated  by  me  from  seed  imported 
from  Europe;  it  has  not  been  named.  Ripens  later  than  the  preceding 
variety . "    ( Hehre. ) 

'*  Feijoa  sellotoiana  is  worthy  to  be  mentioned  under  promising  new  fruits  and 
deserves  the  widest  distribution.  The  plant  stands  more  cold  than  the  guava, 
is  beautiful  in  bloom,  and  is  ever^green.  The  fruit  is  green  and  when  ripe  has 
a  tinge  of  yellow.  As  it  blooms  for  a  period  of  about  two  months,  so  does  the 
fruit  ripen  successively  for  two  months;  therefore  there  are  all  sizes  of  fruit  on 
the  plant  at  the  same  time,  which  grow  at  the  leaf  axil  on  new  wood."    {Hehre,) 

Distribution. — Found  in  the  province  of  Rio  Grande  do  Sul,  in  the  southeast- 
em  part  of  Brazil,  and  in  the  vicinity  of  Montevideo,  Uruguay;  cultivated  in 
southern  Europe. 

26122.    SoLANUM  sp.  Potato. 

From  Castle  Kennedy,  Scotland.    Presented  by  Rev.  J.  Aikman  Paton,  Soulseat. 
Received  October  19,  1909. 

'^Tubers  of  Solanvm  etuberosum  (so  called;  I  think  it  is  a  wild  hybrid  of  S.  tvJbero' 
lum,  simply),  which  I  used  as  the  parent  of  my '  Immune ' strain.  A  certain  proportion 
of  the  'selfed '  seedlings  of  it  and  its  hybrids  are  immune  to  Phytophthora  infesians  even 
here."    {Paton.) 

26123.    Citrus  berqamia  Risso.  Bergamot  orange. 

Prom  Nice,  France.  Presented  by  Dr.  A.  Robertson  Proschowsky.  Received 
October  20,  1909. 

\mety  mellarosa  plena.    (Cuttings.) 

861iS4.    Trifolium  subrotundum  Steud.  &  Hoclist. 

From  70  miles  east  of  Lake  Victoria  Nyanza,  British  East  Africa,  at  about  7,500 
feet  altitude.  Presented  by  Mr.  E.  Blackbun,  Salem,  Ohio.  Received  Octo- 
ber 19,  1909. 

I^MbiUion. — A  native  of  Abyssinia,  where  it  is  cultivated  as  forage,  under  the 
tome  of  Mayad;  also  native  of  Upper  and  Lower  Guinea. 

86125.    Manoifera  indioa  L.  Mango. 

I       From  Port  of  Spain,  Trinidad,  B.  W.  I.    Presented  by  Mr.  F.  Evans,  Department 
of  Agriculture.    Received  October  19,  1909. 

Julie.  "This  plant  is  grafted  upon  the  common  mango,  Mangifera  indica.**    {Evans.) 

See  No.  21515  for  description. 

26126  to  26129.     Solanum  spp.  Potato. 

I      From  Bogota,  Colombia.    Presented  by  Mr.  Eugene  Betts,  American  vice  and 
deputy  consul-general.     Received  October  18,  1909. 
Tubers  of  the  following;  quoted  notes  received  with  the  shipment: 

20126.  *^Pdpas  Tocanas.    Produced  on  high,  broken  ground,  mountain  sides, 
hi^  and  very  cold." 
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26126  to  26129— Continued. 

26127.  **Pdpas  ArrayanaSj  criallas  coloradiu.    Produced  on  the  mountain  tops 
and  on  high  table  lands." 

26128.  '^Pdpag  Paramunaa.    Produced  on  the  mountain  slopes  above  the 
Savannah  of  Bogota." 

26120.  ''Pdpas  Amapald,    Produced  on  the  Savannah  of  Bogota." 

26130.    Medicaoo  sativa  L.  Alfalfa. 

From  Take,  Caeearea,  Turkey.    Presented  by  Dr.  Wm.  8.  Dodd,  throogh  Mr. 
Charles  J.  Brand.    Received  October  19,  1909. 

*'  In  his  letter  transmitting  this  seed  Doctor  Dodd  states:  '  I  am  not  sure  whetho'  the 
lucem  for  which  you  ask  is  the  plant  that  we  cultivate  here  for  horse  feed  or  not,  but 
I  send  some  of  that.  Yonja  is  the  Turkish  name.'  Only  a  small  package  of  this  seed 
was  received,  and  it  should  be  reserved  for  experiments  in  the  Southwest."    (Brand,) 

26132  and  26133. 

From  Mr.  Frank  N.  Meyer,  Agricultural  Explorer.    Beceived  October  13, 1909. 

Seeds  of  the  following: 

26132.    Pbunub  sp. 

From  China.  Obtained  at  the  M.  L.  de  Vilmorin  Arboretum,  Les  Baires, 
Nogent  sur  Vemisson,  France. 

26183.    Phottnia  villosa  (Thunb.)  DC. 

From  Western  China.  Obtained  at  the  M.  L.  de  Vilmorin  Arboretum,  Les 
Barres,  Nogent  sur  Vemisson,  France.  *'This  plant  has  a  rather  dwarfy  habit, 
is  apparently  evergreen  in  a  climate  not  too  cold,  and  may  serve  as  a  stock  for 
loquats,  besides  being  also  ornamental.  The  plant  will  probably  not  be  hardy 
in  Washington,  D.  C."     (Meyer.) 

Diittrihuiion. — ^A  native  of  the  southeastern  provinces  of  the  Chinese  Empire 
and  of  Formosa,  and  widely  distributed  in  Japan. 

26134.     Allium  cepa  L.  Onion. 

From  Denia,  Spain.  Procured  from  Sefior  Don  Luis  Tono,  American  consular 
agent,  through  Mr.  Robert  Frazer,  jr.,  American  consul,  Valencia,  Spain. 
Received  October  20,  1909. 

''Seed  of  the  onion  that  is  commercially  grown  on  an  extensive  scale  in  Denia. 
These  onions  come  upon  the  American  market  in  a  peculiar  type  of  package  and  are 
the  large  yellow  or  straw-colored  onions  which  are  sold  under  the  name  of  SpaniA 
onions.  The  closest  American  representative  of  this  type  is  the  Prizetaker,  which  I 
understand  is  an  American  sport  from  this  variety.  It  is  probably  the  laxigest  of  the 
onions  which  are  grown  extensively  for  market,  has  the  thinnest  skin,  is  the  mildest 
in  flavor,  and  altogether  is  the  best  onion  produced  in  the  world.  From  imported  seed 
we  have  succeeded  in  producing  some  very  fine  specimens  in  parts  of  Texas,  and  we 
hope  that  from  this  small  beginning  a  very  considerable  industry  will  be  built  up. 
The  probabilities  are  that  we  shall  alwa}^  need  to  import  the  seed  direct  from  Spain 
in  order  to  maintain  the  high  quality  in  the  American-grown  product. ''  (L.  C,  CorbetL) 

26136.    Tbifolium  suaveolens  Willd.         Shaftal,  or  schabdar. 

From  Tashkend,  Turkestan.  Piurhased  from  Dr.  Richard  Schr5der,  directoc 
Chief  Agricultural  Experiment  Station,  at  the  suggestion  of  Prof.  N.  E.  Hansen, 
Agricultural  Experiment  Station,  Brookings,  S.  Dak.  Received  October  23, 
1909. 
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26136— Continued . 

The  following  notes  were  taken  from  a  letter  written  by  Doctor  Schroder  to  Pro- 
fesBor  Hansen;  clause  in  brackets  is  by  Professor  Hansen: 

"In  Persia  the  schabdar  seed  is  usually  sown  in  the  fall,  not  too  late.  It  endures 
the  winter  quite  well.  By  sowing  in  the  &.11  it  develops  in  the  spring  so  quickly  that 
the  first  cutting  is  ready  before  the  first  cutting  of  alfal&i.  According  to  information 
obtained  in  Persia  the  schabdar  endures  several  years.  This  lot  is  of  a  new  variety 
which  endures  from  five  to  seven  years.  The  fact  that  this  plant  is  perennial  comes 
in  conflict  with  botanical  statements  [that  it  is  an  annual]. 

"In  Persia  the  fresh  shoots  of  the  schabdar  are  also  used  for  salad.  The  flowers  are 
TJsited  by  bees. " 

26136.      GrOSSYPIUM   BARBADENSE  L.  OottOII* 

From  Nyassaland  Protectorate,  British  Central  Africa.    Presented  by  Mr.  J. 
Stewart  J.  McCall,  director  of  agriculture,  Zomba.    Received  October  23,  1909. 

"Egyptian  (Abbasi).  Our  Egyptian  is  not  nearly  so  good  as  our  Upland  cotton 
(S.  P.  I.  No.  25964).'*    (McCall.) 

26137.    Fraqaria  sp.  Strawberry. 

From  Germany.    Presented  by  Rev.  J.  M.  W.  Famham,  Chinese  Tract  Society, 
Shanghai,  China.    Received  September  13,  1909 

White  fruited.  (Seed.) 

26138  to  26140.     Ribes  hybrids.  Gk>oseberry. 

Prom  Little  Silver,  N.  J.    Presented  by  Dr.  W.  Van  Fleet.    Received  October 
22, 1909. 

Plants  of  the  following;  quoted  notes  by  Doctor  Van  Fleet: 

26188.  Ribes  missouriense  X  recunatum. 

"Third  generation.  (R.  gradle  (R,  rmMourierue)  X  Red  Warrington  X  Tri- 
umph  X  Keepsake,)  Six-year-old  plant,  very  vigorous,  6  feet  high,  disease- 
resistant  foliage,  productive,  berries  dark  reddish-purple  when  ripe,  smooth, 
thin  skinned,  larger  than  Houghton,  excellent  quality,  seeds  small." 

26189.  Ribes  ctnosbati  X  reclinatum. 

"Second  generation.  (R.  cynosbati  X  Triumph  X  Whitesmith.)  Fair  grower; 
rather  spreading;  good,  disease-resistant  foliage;  berries  large,  dark  red  when 
ripe,  few  soft  spines,  very  firm,  agreeable  flavor,  small  seeds;  excellent  for 
jeUy." 

26140.  Ribes  rotundipouum  X  recunatum. 

"Third  generation.  {R.  rotundifolium  X  Houghixm  X  Triumph  X  Keepsake.) 
Healthy,  upright  grower;  disease-resistant  foliage;  berries  rather  small,  smooth, 
bright  red  when  ripe,  brisk,  pleasant  quality,  exceedingly  productive.'' 

"These  hybrids  are  final  selections  from  hundreds  of  seedHngs,  representing  12 
years  of  arduous  work. " 

Note. — "Houghton  is  supposed  to  be  R.  oxycanthMes  X  grossularia  {reclinatum).** 

26141  and  26142. 

From  Pretoria,  Transvaal,  South  Africa.  Presented  by  Mr.  F.  T.  Nicholson,  sec- 
retary, Transvaal  Agricultural  Union.  Received  October  25,  1909. 

26141.  ViciA  FABA  L.  Horse  bean. 
Light  brown  seeded .  (Seed . ) 

26 142.  Gladiolus  sp.  (Bulbs. ) 
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26143  and  26144. 

From  the  Himalayas,  India.    Pteeented  by  J.  Mollison,  esq.,  Inspector-GenenI <tf 
Agriciilture  in  India.    Received  October  26,  1909. 

Seeds  of  the  foUowing: 

26143.  Malus  8TLVB8TRI8  Mill.  Crab  apple. 
*^Pala  (Palu)  is  generally  propagated  by  cuttings.    When  grown  from  seeds, 

the  method  of  raising  the  plants  is  as  follows:  In  the  month  of  January,  the  plat 
to  be  sown  is  dug  about  one-half  foot  deep  and  is  manured.  Then  the  seeda  are 
sown  and  germinate  in  the  following  summer. 

"In  January  next  (i.  e.,  a  year  after),  the  plants  are  transplanted,  where 
desired,  in  pits  dug  for  that  purpose.  Pala  is  only  grafted  on  seb  (apple).  It 
is  also  grafted  with  nashpati  (pears),  but  the  pears  produced  are  sour." 
(Molli8on.) 

26144.  Prunus  padus  L. 

**  Jamu.  The  process  of  cultivating  jamu  is  the  same  as  that  of  pala  (S.  P.  I. 
No.  26143). 

''This  plant  is  grafted  with  aloocha  (plum)  (S.  P.  I.  No.  26049)  and  yields 
aloocha  fruit.  If  it  is  grafted  on  aloocha  plant,  jamu  fruits  will  be  produced." 
(Molli»on.) 

26146  and  26146.    Andbopooon  sorghum  (L.)  Brot.  Durra. 

From  Igatpuri,  India.    Presented  by  Mrs.  Effie  Pyle  Fisher,  through  Mias  Aud- 
rey Goes.    Received  August  31,  1909.. 

Seeds  of  the  following;  notes  by  Mr.  Carleton  R.  Ball: 

26140.  '^  Apparently  very  similar  to  No.  9856,  Dagdi  durra,  which  we  are 
selecting  for  grain  production,  and  which  now  gives  considerable  promise  of 
value  for  the  Southwest." 

26146.  *' A  white  durra  with  black  hulls,  probably  a  late  sort." 

26147.    Citrus  aurantium  sinensis  L.  Orange. 

From  Mount  Gravatt,  Brisbane,  Australia.    Presented  by  Mr.  John  Williams. 
Received  October  28,  1909. 

**  Usher' B  Favorite.    It  ripens  in  October  here,  and  is  a  splendid  keeper;  qualit}*, 
flavor,  and  all  things  considered,  I  believe  it  to  be  really  first  class."    ( WUlianui.) 

(Plants.) 

26148  to  26155.    Anon  a  gherimola  Mill.  Cheiimoyer. 

From  Santa  Inez,  Chile.    Presented  by  Mr.  Salvador  Izquierdo.    Received 
October  26,  1909. 

''Nos.  26148,  26152,  26153,  26154,  and  26155  are  different  cherimolas  with  very  | 
large  fruits,  of  the  form  'ananas.'    No.  26149  is  a  very  laige  cherimolia  with  smoodi 
skin .    N  06 .  26150  and  26151  are  large-fruited  cherimolias,  smooth  skin,  form  '  concha. *  *' 
(Izquierdo.)  (Cuttings.) 

26156  to  26160. 

From  Foochow,  China.    Presented  by  Mr.  Samuel  L.  Gracey,  American  codsoJ. 
Received  October  25,  1909. 

Seeds  of  the  following:  ^ 

26156  to  26108.    Citbullus  vulgaris  Schrad.  WatermeloiL 

26166.    "White  or  Shanghai  melon,  very  popular  in  this  district'' 
(Graay.) 
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86166  to  26160— Continued. 

26106  to  26158— Continued. 

26157.    YeUow.  26158.    Red. 

26159  and  26160.    Glycine  hispid  A  (Moench)  Maxim.  Soybean. 

26150.    Yellow  seeded.  26160.    Green  seeded. 

SM161.    Medic  AGO  satiya  L.  Alfalfa. 

From  different  oases  in  the  region  of  Ourlana  and  Tougourt,  Algeria.  Purchased 
fromM.  Colombo,  p^re,  Biskra,  Algeria,  at  the  request  of  Mr.  Walter  T.  Swingle. 
Received  October  29,  1909. 

86162  to  26178. 

Presented  to  Mr.  P.  J.  Wester,  Subtropical  Garden,  Miami,  Fla.,  and  turned  over 
by  him  to  this  office  for  distribution,  October,  1909. 

Seeds  (unless  otherwise  noted)  were  received  of  the  following;  notes  by  Mr.  Wester: 

26162  to  26174.    Presented  by  Mr.  J.  M.  Doctor,  acting  superintendent, 
Victoria  Gardens,  Bombay,  India. 

26162.    Acacia  arabica  (Lam.)  Willd. 

''The  gum  arabic. .  An  eveigreen  shade  tree  with  dense  and  spreading 
crown,  attaining  a  height  of  60  feet;  valuable  for  its  gum,  bark,  and 
timber;  the  pods  are  a  favorite  food  for  sheep  and  goats.  The  tree  thrives 
on  a  great  variety  of  soils  and  is  resistant  to  droughts. ' ' 

DtttribiUion. — ^Widely  distributed,  being  found  in  India,  Ceylon, 
Eg3rpt,  Arabia,  tropical  Africa,  and  Natal. 

26168.    AcACLi  sp. 

26164.  Barrixotonia  asiatica  (L.)  Kurz. 

''An  ornamental,  lecythidaceous,  evergreen  shrub,  attaining  a  height 
of  6  to  8  feet;  cultivated  as  an  ornamental  on  account  of  its  shining 
foliage  and  large,  handsome  purple  and  white  flowers  produced  on  an 
erect  thyise." 

Distribution. — Found  along  the  shores  of  southern  India,  and  of  Australia, 
and  on  the  islands  between. 

26165.  Bauhinia  acuminata  L. 

"A  leguminous  ornamental  shrub,  6  to  8  feet  tall,  native  of  Malabar, 
bearing  white  flowers.'' 

DistrUmtUm. — India,  especially  in  the  northwestern  part,  and  extend- 
ing to  Ceylon,  China,  and  the  Malajran  Islands. 

26166.  Thespesia  lampas  (Cav.)  Dalz.  and  Gibs. 

DistribtUion. — ^The  tropical  Himalayas  of  India,  from  Kumaon  east- 
ward, and  in  Bengal,  Burma,  and  Ceylon;  also  found  in  Java  and  in 
eastern  tropical  Africa.  * 

26167.  BuTEA  MONOSPpRMA  (Lam.)  Taub. 

"Leguminous,  native  of  India.  An  ornamental  shade  tree  with  dense 
foliage,  attaining  a  height  of  40  to  50  feet.  The  flowers  are  very  showy, 
crimson,  2  inches  long." 

DUtrihution^ — Found  throughout  the  plains  of  India,  from  the  Hima- 
layas to  Ceylon  and  Burma. 
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26162  to  26178— Continued. 

26162  to  26174— Continued. 

26168.  Cassia  auriculata  L. 

*' A  shrub  or  small  tree,  native  of  India,  tiie  bark  of  which  jdelds  taimin. 
In  young  plants  the  bark  has  been  found  to  contain  11.92  tannin  and  22.35 
extract;  in  old  plants  the  corresponding  figures  are  20.12  and  29.  In 
India  the  leaves  are  used  as  a  substitute  for  tea  and  eaten  as  a  vegetable  in 
times  of  famine.  This  is  also  cultivated  for  its  ornamental  value.  The 
yellow  flowers  appear  in  June  and  July.'* 

DistrUmtion. — Wild  in  the  western  and  central  part  of  India  and  in 
Ceylon;  often  cultivated  in  the  Tropics. 

26169.  Cassia  olauca  Lam. 

"A  tall  leguminous  tree." 

Distribution. — From  the  Himalayas,  in  India,  through  Ceylon  and  the 
Polynesian  Islands  to  Australia. 

26170.  Cassia  grandis  L.  f. 

"A  tree  attaining  a  height  of  45  to  55  feet  furnishes  a  very  handaome 
fine-grained  wood.  A  dense  shade  tree,  flowers  very  handsome,  appear- 
ing in  April." 

Distribution. — ^The  northern  part  of  South  America,  from  Panama, 
through  Colombia  and  Guiana,  to  Brazil;  also  foimd  in  the  West  Indies. 

26171.  Caesalfinia  coriaria  (Jacq.)  Willd. 

See  Nos.  23335  and  25281  for  previous  introductions. 

26172.  I^HECOLOBiiTU  DULCB  (Roxb.)  Benth. 

*'A  tree  of  very  rapid  growth,  deserving  wider  distribution."  See 
No.  23457  for  description. 

26173.  Ficus  BENGHALENSis  L.  Banyan  tree. 

*  *  In  tropical  India  and  Africa  this  tree  attains  a  height  of  70  to  100  feet. 
The  aerial  roots  descending  from  the  branches  form  accessory  trunks,  thus 
extending  the  growth  of  the  tree  from  the  main  stem.  The  leaves  are 
eaten  by  cattle.  In  India  the  fruits  are  eaten  in  time  of  famine.  The  wood, 
if  carefully  cut  and  seasoned,  can  be  made  into  furniture  and  is  sometimes 
employed  in  making  boxes  and  door  panels.  The  Hindoos  r^ard  the  tree 
as  sacred .  The  one  tree  in  southern  Florida  that  has  come  to  my  attention 
does  so  exceedingly  well  that  the  species  deserves  wider  distribution." 

DistrUmtion. — Found  wild  in  the  lower  Himalayan  forests  and  on  the 
Deccan  hills;  cultivated  throughout  India  on  the  plains. 

26174.  Fictjs  CANNomi  (Bull.)  N.^E.  Brown. 

^'An  ornamental-leaved  greenhouse  plant  from  the  Society  Islands. 
With  the  exception  of  the  cultivated  fig  all  species  of  Ficus  introduced  to 
southern  Florida,  as  far  as  they  have  come  to  my  attention,  do  so  exceed- 
ingly well  that  I  have  thought  it  well  worth  while  to  introduce  aU  species 
that  are  cultivated  in  other  parts  of  the  world  in  the  hope  of  finding  a 
suitable  stock  for  the  fig,  which  does  not  do  well  on  its  own  roots  here, 
largely  on  accoimt  of  root-knot." 

26176  to26178.    PresentedbyMr.  A.  S.Axcher,  Antigua,  British  West  Indies. 

26175.  Thrtaus  glavca  (Cav.)  Kuntz. 

''An  ornamental  shrub  bearing  yellow  flowers,  Malpi^iiaceae." 
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26162  to  2617S--Continued. 

26175  to  26178— Continued. 

Dittrilnuion. — ^Mexico  and  Central  America,  from  Sierra  Madre  and 
Zacatecasy  south  to  Nicaragua. 

26176.    Haematoxylum  campechianum  L.  Logwood. 

'' Leguminous.  The  tree  furnishes  the  logwood  of  commerce  and  the 
wood  may  be  utilized  in  turning.  The  honey  produced  from  the  flowers 
of  this  species  is  said  to  be  the  finest  in  the  world.  The  tree  attains  a 
height  of  30  to  45  feet." 

DiHrilmtion. — Central  America,  from  Tehuantepec  and  Yucatan  to 
Nicaragua  and  Colombia;  also  West  Indies. 

26177.      BOUSSINGAITLTIA  BA8ELLOIDE8  H.  B.  K. 

''A  rapid-growing  half-hardy  ornamental  climber.  The  flowers  on 
opening  are  white  and  fragrant,  turning  black  before  withering.  Easily 
propagated  from  tubers  growing  on  the  stem." 

Distribution. — Southern  Mexico  and  South  America,  from  Gonacatepec 
south  to  southern  Brazil. 

26178.    Cedrela  odorata  L. 

'  *  Indigenous  to  the  West  Indies ;  attains  a  height  of  80  feet .    The  wood  is 
V  ^gt^t,  of  pleasant  odor,  and  easily  worked,  preferentially  chosen  in  its  native 

country  for  cigar  boxes  and  a  variety  of  other  articlefl;  also  furniture." 

86179  to  26182. 

From  Tripoli,  in  Barbary,  North  Africa.  Presented  by  Mr.  William  Coffin, 
American  consul.    Received  October  28  and  November  1,  1909. 

Seeds  of  the  following;  descriptive  notes  by  Mr.  Coffin: 

26179.  HoRDEUM  vuLQARE  L.  Barlej. 
Dry  land. 

26180.  Pexnisetum  AMERicANUM  (L.)  Schum.  Pearl  xnillet. 

**Kassab.  The  Arabs  think  very  highly  of  this  grain  as  a  food  and  use  the 
grass  as  fodder  for  their  stock." 

26181.  Medicaoo  sativa  L.  Alfalfa. 

**Sa/8a/a  or  Susfa.  Sometimes  they  get  eight  crops  of  this  in  the  eight  months 
of  the  year  it  grows.  I  have  seen  at  least  five,  and  I  think  six,  crops  harvested 
from  fields  just  back  of  my  house.    They  irrigate  about  every  four  days." 

26182.  Citrus  aurantium  si.\ensis  L.  Orange. 
Blood  flesh.  (Plants.) 

86188.    SnzoLOBiuM  sp. 

From  Sibpur,  near  Calcutta,  India.  Presented  by  Maj.  A.  T.  Gage,  director, 
Royal  Botanic  Garden.    Received  November  2,  1909. 

Black  seeded. 
26184.     FuNTUMiA  ELASTicA  (Preuss)  Stapf. 

Presented  by  Mr.  Gilbert  Christy,  F.  L.  S.,  care  of  Thoman  Christy  &  Co., 
4,  10,  and  12  Old  Swan  lane.  Upper  Thames  street,  E.  C,  London,  England. 
Received  December  2,  1909. 

"Seeds  of  a  very  large  forest  tree.    I  suggest  that  you  have  them  planted  in  one  of  the 
Cuban  stations.    It  would  be  necessary  to  shade  the  growing  seedlings  in  the  simimer, 
otherwise  they  would  be  likely  to  dry  of!.'*    (Christy.) 
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26184— Continued. 

Distribiuion. — Along  the  west  coast  of  Africa  from  the  Gold  Coast  in  Ashanti  throu^ 
Lagos  and  lower  Nigeria  to  the  valley  of  Mungo  River;  usually  in  forests  and  along 
streams. 

26186.     Stizolobium  sp. 

From  Tehwa,  via  Foochow,  China.  Presented  by  Miss  Jessie  A.  Marridt. 
Received  December  3,  1909. 

'^This  species  has  pods  about  intermediate  in  character  between  the  Lyon  bean,  No. 
19979,  and  the  Yokohama,  No.  25254.  To  judge  from  its  behavior  in  the  greenhouse, 
it  is  about  intermediate  in  time  of  maturity  between  these  two  species.  The  floweiB 
are  white  as  in  the  Lyon  bean;  very  similar  to  the  Japanese  variety."    (C  V.  Piper.) 

26186  and  26187. 

From  Nice,  France.  Presented  by  Dr.  A.  Robertson  Proschowsk^-.  Received 
November  2,  1909. 

26186.  FuRCRAEA  BEDiNOHousi  K.  Koch. 

''This  plant  is  said  (like  most  Furcraea,  I  suppose)  to  produce  good  fibefs. 
This  species  is  hardier  than  any  other  Furcraoa  I  cultivate  or  know,  and  has  once 
resisted  from  5  to  7  degrees  below  zero  Centigrade,  without  suffering  the  Icagt. 
A  few  seeds  were  also  produced  on  the  6-meter-high  flower  stalk."  {Pro- 
schowsky.) 

Diatribxuion, — On  the  slopes  of  Acusca  Mountain,  south  of  the  city  of  Mexico, 
at  an  elevation  of  about  12,000  feet.  (Bulbs.) 

26187.  Maytenus  boaria  Molina. 

See  No.  3394  for  description. 

Distribtuion. — Dry  lowlands  along  the  coast  of  Chili  and  southward  into 
Patagonia.  (Seeds.) 

26188.  Kaempferia  sp.  ^^Sherungulu/' 

From  Transvaal,  South  Africa.  Presented  by  Prof.  J.  Burtt  Davy,  govemment 
agrostologist  and  botanist,  Transvaal  Department  of  Agriculture,  Pretoria. 
Received  November  5,  1909. 

"This  plant  grows  in  tropical  and  subtropical  Transvaal  and  the  tubers  or  rhizomes 
are  dried  and  sent  up  from  the  Low  Country,  for  sale  to  natives  working  on  the  Wit- 
watersrand,  by  whom  they  are  supposed  to  have  medicinal  or  other  virtues. 

"It  has  been  suggested  that  oi^dng  to  the  remarkable  fragrance  of  the  tubers,  they 
might  possibly  be  of  use  in  the  perfume  trade  for  scenting  tooth  powders,  soape,  etc. 

*  *  The  flowers  are  distinctly  ornamental . ' '    (Davy.)  (Tubei?.) 

26189.  Chrysanthemum  hybuidum  Hort.  Shasta  daisy. 

From  Rosedale,  Santa  Cruz,  California.  Presented  by  Mr.  George  J.  Streator. 
Received  November  4,  1909. 

"Streator's  strain  of  the  so-called  Shasta  daisy.  Seed  from  the  finest  semidouble, 
quilled,  fimbriated,  or  fringed  forms."    (Streator,) 

26193  to  26196. 

From  Mexico.    Procured  by  Dr.  David  Grifliths,  Agriculturist,  of  this  Depart- 
ment.   Received  November  5,  1909. 
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26188  to  26195— Continued. 
Seeds  of  each  of  the  following: 

26193  and  26194.  Cicer  ariettnitu  L.  Ghick-pea« 

26193.  Small  seeded.  26194.  Large  seeded. 

26195.  Physalis  ixocarpa  Brot.  Husk  tomato. 

''This  big  blue  husk  tomato  is  often  4  centimeters  in  diameter,  as  found  upon 
the  markets  of  Oaxaca  and  Mexico  City  especially." 

DistrHmtion. — Found  wild  in  California,  Colorado,  New  Mexico,  Texas, 
Mexico,  and  Cuba;  cultivated,  and  often  escaped,  as  far  north  as  Massachusetts, 
Michigan,  Dakota,  Oregon,  and  Washington. 

26196.     Sacchabum  offiginabum  L.  Sugar  cane. 

From  Honolulu,  Hawaii.  Presented  by  Mr.  Harold  L.  Lyon,  Experiment  Station 
of  the  Hawaiian  Sugar  Planters'  Association.    Received  November  2,  1909. 

Lakina.  ''This  cane  has  proved  itself  to  be  the  best  money  maker  that  Hawaii  ever 
saw.  Under  irrigation  it  is  a  splendid  cane  if  the  conditions  are  suited.  Unfortu- 
nately it  is  a  cane  that  is  very  subject  to  disease.  In  those  parts  of  Hawaii  where  it  can 
fltill  be  used,  namely,  those  parts  where  the  sky  is  nearly  cloudless  the  year  aroimd 
and  the  rainfall  very  slight,  it  still  does  better  than  any  other  cane.  If  any  attempt  to 
introduce  this  cane  to  other  places  from  Hawaii  is  made,  great  care  should  be  exercised 
to  select  cuttings  free  from  disease. ' '    (N.A,  Cobb,  letter  of  May  M,  1909.)    (Cuttings.) 

26187  and  26198.     Rubus  spp. 

From  Enfield,  England.  Purchased  from  Messrs.  Stuart  Low  &  Co.,  Royal 
Nurseries,  Bush  Hill  Park,  at  the  request  of  Mr.  Walter  T.  Swingle.  Received 
November  4,  1909. 

Plants  of  the  following: 

26197. 

'^Lowberry.  This  is  said  to  be  as  large  as  the  loganberry  and  to  be  as  strong  a 
grower,  and  to  be  'altogether  the  most  valuable  novelty  in  the  fruit  way  pro- 
duced for  some  years.' "    {Swingle.) 

26198. 

^^Low'a  PhenoTnenal.  A  raspberry-loganberry  hybrid,  'possessing  all  the 
flavor  of  the  raspberry,  and  combining  the  free  fruiting  qualities  of  this  now 
famous  berry.* "    {Swingle,) 

26199.  (Undetermined. ) 

From  Standerton,  Transvaal.  Present^  by  Mr.  O.  W.  Barrett,  director  of  agri- 
cidture,  Lourengo  Marquez,  Portuguese  East  Africa.  Received  November  8, 
1909. 

« 

' '  Seeds  of  a  striking  asclepiad .  This  vine  is  probably  native  to  the  locality.  Foliage 
not  seen.  Stems,  thickish,  green.  Fruits  (follicles)  about  4  inches  long,  opening  to 
about  3  inches  wide.  Ornamental  and  ou^t  to  make  a  good  trellis  or  porch  vine  for 
the  Southern  States  and  California.'*    {Barrett.) 

26200.  LoLiUM  STRicTUM  Presl. 

From  Sfax,  Tunis.  Presented  by  Doctor  Trabut,  Algiers,  Algeria.  Received 
November  8, 1909. 

'^Seed  of  ray-grass,  native  name  maudjour.  Excellent  forage;  grows  in  arid  regions; 
annual;  interesting  to  culti\Tite  in  the  steppes.'*    {TrabtU.) 

65739°— Bui.  205—11 4 


26  SEEDS  AN0  PLANTS  IMPORTED. 

20200— Continued. 

DittribtUion. — The  countries  bordering  on  the  Mediterranean  Sea  and  the  Gaiiaiy 
Islands. 

26201  and  26202. 

From  30  miles  north  of  Hangchow,  China.    Presented  by  Rev.  J.  M.  W.  Faniham, 
Presbyterian  Mission,  Shanghai,  China.    Received  November  2,  1909. 

Seeds  of  the  following: 

26201.  CucuMis  MELO  L.  Muflkmelon. 
Golden. 

26202.  SiLENE  sp.  '^^Id  pink. 
*  *  Found  on  the  mountain  here . '  *    ( Famham . ) 

26203  to  26206. 

Presented  by  Mr.  H.  F.  Schultz,  Ancon,  Canal  Zone,  Panama.    Received 
November  9, 1909. 

26203.  Anona  squamosa  L. 

From  David,  Chiriqui,  Panama.  ''Seed  from  a  tree  bearing  large  and  very 
superior  fruits  of  fine  flavor. ' '    (SdiuUz.) 

26204.  Arragacia  sp.  "Araeaehe." 

From  Boquete,  Chiriqui,  Panama.  "Tubers  of  a  plant  found  growing  in  the 
neighborhood  of  Boquete  in  a  cultivated  and  semicultivated  state.  The  tuben 
grow  to  a  size  of  6  to  15  inches  in  length  and  about  6  to  8  inches  in  diameter, 
weighing  from  2  to  10  pounds.  The  foliage  resembles  somewhat  that  of  cel^y, 
and  it  grows  to  a  height  of  about  10  to  18  inches  above  the  ground.  The  taste  of 
the  root  resembles  a  cross  between  a  potato,  celery,  and  asparagus,  and  it  is 
eaten  like  potatoes,  roasted,  baked,  or  fried,  as  well  as  cut  up  in  soups.  I  have 
found  it  growing  at  an  altitude  of  3,000  to  5,000  feet  above  sea  level,  and  the 
inhabitants  claim  that  it  will  not  grow  on  the  lower  levels.  I  think,  however, 
that  it  will  do  well  in  the  Gulf  States  and  that  it  will  prove  valuable,  as  I  know 
that  it  is  a- well-flavored  vegetable."    (SchuUz.) 

See  S.  P.  I.  No.  3511  for  previous  introduction. 

26205.  Btrsonima  cotinifolia  H.  B.  E. 

From  Chiriqui,  Panama.  ''Seeds  of  a  fruit  called  'Nance'  which  is  used  by 
the  inhabitants  as  the  main  ingredient  for  a  cooling  and  very  pleasing  drink. 
This  tree  is  found  growing  at  all  altitudes  from  sea  level  up  to  about  4,000  feet 
and  above.  I  do  not  think  that  it  is  a  very  valuable  tree.  It  nuiy  possibly 
succeed  in  southern  California.''    {SchuUz.) 

Distribution. — Along  the  Pacific  coast  of  Mexico,  from  the  province  of  Tepic 
to  Chiapas. 

26206.  Parhentiera  cereifera  Seem. 

From  Biigaba,  Panama.  ' '  Seed  of  an  ornamental  tree  with  peculiarly  shaped 
candle-like  fruits  produced  in  great  abundance  on  the  second  year's  growth  of 
the  plant.  The  long,  smooth,  yellow  fruits  are  8  to  20  inches  long  and  one-half 
to  three-fourths  of  an  inch  in  diameter,  containing  in  the  strong,  fibrous,  fleshy 
pulp  numerous  small  flat  seeds.  The  inside  of  the  fruit  has  a  strong  musky 
fra^nce,  and  the  appearance  of  the  bushy,  spreading  shrub,  which  grows  to  a 
height  of  about  12  to  15  feet,  with  its  numerous  candle-like  fruits,  is  quite  odd. 
The  fruits  were  obtained  on  the  ranch  of  Mr.  Alexander  Croetsch,  of  Bugaba, 
province  of  Chiriqui,  and  flowers  were  not  in  evidence."    (Sd^ultz,) 

Distribution. — Confined  to  the  valley  of  Chagres  River,  Republic  of  Pknama. 
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26S07.     Pbotea  mellifeba  Thunb. 

From  Durban,  Natal,  South  Africa.    Preeented  by  Prof.  J.  Medley  Wood,  director. 
Botanic  Gardens.    Received  November  8, 1909. 

A  South  African  bush,  useful  both  as  an  ornamental  and  as  a  bee  plant. 

26206.     SojLANUM  TUBEROSUM  L.  Potato. 

From  Solomon,  Alaska.    Presented  by  Mr.  T.  Brown.    Received  October  14, 1909. 

"Tubers  round  to  oblong,  flattened;  skin  deep  flesh  color;  eyes  few  and  shallow." 
(W.  V.  Shear.) 

26209  to  26223.    Citrus  spp. 

From  Sawbridgeworth,  Herts,  England.    Purchased  from  Thomas  Rivers  &  Son, 
at  the  request  of  Mr.  Walter  T.  Swingle.    Received  November  11, 1909. 

Plants  of  the  following: 

26200  to  26219.    CrrRus  aurantium  sinensis  L.  Orange. 

26200  to  26216.  Subvarieties  of  the  St.  Michaers  orange,  which  is 
said  to  be  the  ordinary  orange  of  commerce,  and  although  some  of 
the  strains  have  been  tried  in  this  country  it  was  thought  desir- 
able to  introduce  the  following: 

26200.    Long.  26213.    Dom  Louise. 

26210.  •  BoUlha.  26214.    Egg. 

26211.  BiUencourt.  26215.    ExceUior. 

26212.  Nonpareil.  26216.    Dulciasima. 

26217.  White.  "Very  distinct,  with  striped  fruit  and  white  pulp; 
flavor  very  good . "    ( T.  Rivers  &  Son . ) 

26218.  .&^6t^  (Navel). 

'*  A  singular  variety,  with  a  nipple-like  excrescence  at  the  apex;  fruit 
large  and  good;  pulp  pale  in  color."     (T.  Rivers  &  Son.) 

26210.    Silver  (Plata).     "A  delicious  orange."     (T.  Rivers  &  Son.) 

26220  and  26221.    Cftrus  limetta  Risso.  Lime. 

26220.  Common.  "An  abundant  bearer;  fruit  excellent  for  cooling 
drinks."  (T.  Rivers  ds  Son.) 

26221.  Bitter.  "Remarkable  for  the  great  fertility  and  dwarf  habit 
of  the  tree;  resembles  the  Bijou  lemon  so  closely  as  to  be  distinguished 
with  difficulty  except  by  the  color  of  its  fruit."  (T.  Rivers  dc  Son.) 
See  No.  26222. 

26222  and  26223.    Citrus  limonum  Risso.  Lemon. 

26222.  Bijou.  "Pronounced  to  be  a  lime  by  some  authorities.  Fruit 
small,  with  a  delicious  aroma;  growth  of  the  tree  very  dwarf  and  fruit- 
ful; this  is  a  remarkable  sort."    ( T.  Rivers  <fc  Son.)    See  No.  26221. 

26223.  White.    "One  of  the  largest  and  best."    ( T.  Rivers  &  Son.) 

28224.    Carica  papaya  L.  Papaw. 

From  Puerto  Plata,  Dominican  Republic.    Presented  by  Mr.  A.  W.  Lithgow, 
American  vice-consul.    Received  November  12,  1909. 

**Native  name  'lechosa,*  the  only  class  known  here."    (Lithgow.)  (Seeds.) 
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26225  to  26227.    Citrullus  vuix^aris  Schrad.  Watermeloii. 

From  Bucharest,  Roumania.  Presented  by  Mr.  William  G.  Boxshall,  vice  coiuul- 
general,  through  Mr.  Horace  G.  Knowles.    Received  November  13, 1909. 

Seed  of  the  following  small  melons: 

26225.  Red  flesh.  26227.    Red  flesh. 

26226.  Yellow  flesh. 

26228  and  26228.    Ayena  satiya  L.  Oat. 

From  Feuchtwangen,  Germany.  Purchased  from  Mrs.  Sophie  Kreiaelmeyer. 
Received  April  20,  1909.  Numbered  for  convenience  in  recording  distribution 
November  15, 1909,  at  which  time  definite  information  regarding  this  shipment 
was  received. 

Seed  of  the  following: 

26228.    Giant  of  Ligowa.  26229.     FichUlgebirge. 

26230  to  26235.     Castanea  hybrids. 

From  Little  Silver,  N.J.  Presented  by  Dr.  W.  Van  Fleet.  Received  October, 
1909. 

26230  and  26231.    Castanea  pumila  X  crenata. 
'* Mostly  shrubby  in  habit;  good  growers;  nuts  twice  as  large  as  C.  pumila, 
often  three  in  a  bur;  productive,  and  bear?  at  two  to  three  yeais  &om  seed. 
Supposed  to  be  resistant  to  bark  disease.''    ( Van  Fleet.) 

26230.    (Seeds.)  26231.    (Plants.) 

26232  and  26233.    Castanea  pumila  X  sattva  (Paragon  variety). 

''Nuts  four  times  as  laige  as  those  of  C.  pumila,  sometimes  three  in  a  bur;  good 
growers;  arborescent;  productive  and  bears  at  six  years  from  seed."  (Fan 
Fleet.) 

26232.    (Plants.)  26233.    (Seeds.) 

26234  and  26235.    Castanea  pumila  X  crenata. 
''Second  generation  from  self-pollinated  seeds;   vigorous;  -  not  fruited;  sup- 
posed to  be  resistant  to  bark  disease."    ( Van  Fleet.) 

26234.    Arborescent  plant.     26236.    Shrubby  plant. 

26236  and  26237.     Glycine  hispida  (Moench)  Maxim.     Soy  bean. 

From  Cedara,  Natal,  South  Africa.  Presented  by  Mr.  £.  R.  Sawer,  director, 
Division  of  Agriculture  and  Forestry .    Received  November  12, 1909 . 

Seeds  of  the  following: 

26236.    "Mammoth  yellow.''  26237.  "Chinese,"  yellow. 

"This  is  our  principal  field  crop  in  the  Midlands."    (Satoer.) 

26238  to  26240.     Rubus  spp. 

From  Lowdham,  Nottinghamshire,  England.     Purchased  from  Messrs.  J.  R. 
Pearson  &  Sons,  at  the  request  of  Mr.  Walter  T.  Swingle.    Received  November 
16,  1909. 
Plants  of  the  following: 

26238.  Blackbexiy. 

Parsley  leaved.     "This  is  said  to  be  of  English  origin,  supposed  to  have  orig- 
inated at  Handsworth,  and  is,  in  the  opinion  of  Messrs.  Pearson  &  Sons,  'fatf 
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26238— Continued. 

better  than  any  of  the  American  kinds,  and  in  addition  to  b^ing  a  good  cropper, 
it  is  very  ornamental  and  may  be  used  with  good  effect  for  covering  wild  rockery 
and  rough  banks . " '    (Swingle . ) 

26230.  Raspberry. 

November  Abundance.  "This  is  said  to  produce  'a  good  supply  of  fruit  during 
September  and  onwards . ' "    {S  wingle . ) 

26240.  Baspberry. 

Superlative.    "Said  to  be  a  good  dessert  berry,  of  red  color,  large  size,  and 
of  excellent  flavor,  readily  picked  on  account  of  its  long  stalks/'    (Swingle.) 

26241.  Brassiga  gleracea  capitata  L.  Cabbage. 

From  Dalny,  Manchmria.    Presented  by  Mr.  A.  A.  Williamson,  vice-consul  in 
charge.    Received  November  15, 1909. 

"The  Manchurian  cabbage  is  one  of  the  chief  articles  of  diet  of  the  inhabitants  of 
these  r^ons.  It  is  particularly  tender,  succulent,  and  well  flavored.  These  are  a 
few  of  the  first  seeds,  which  only  ripen  in  the  spring."    ( WilliarMon.) 

26242.  QuEBCus  aeoilofs  L.  Oak. 

From  Patras,  Greece.    Presented  by  Hon.  F.  B.  Wood,  British  consul.    Received 
November  16,  1909. 

Valonia.  "The  valonia  oak  derives  its  name  from  a  Greek  word  signifying  acorn. 
The  valonia  produces  fully  two  or  three  times  more  than  the  ordinary  oak.  The 
term  Walonia'  used  commercially  does  not  apply  to  the  acorn  but  to  the  cup  which 
contains  it,  which  when  ground  is  used  for  tanning  purposes.  The  cup  is  a  bright 
drab  coloi^,  which  it  preserves  as  long  as  it  is  kept  dr>';  any  dampness  injures  it,  as 
it  then  turns  black  and  loees  both  its  strength  and  value.  The  more  substance  or 
diickness  there  is  in  the  husk  or  cup  the  better  it  is  for  commercial  purposes. 

"Valonia  without  the  acorn  (which  is  only  of  use  for  feeding  swine,  etc.)  is  worth 
about  X8  to  £10  per  ton,  but  the  finer  quality  sometimes  fetches  £2  orX3  more.  In 
former  years  the  article  was  worth  double  the  above  figures,  but  chemical  and  other 
substitutes  used  for  tanning  purposes  have  brought  its  value  down  to  a  point  which 
scarcely  covers  the  expense  of  picking  and  getting  ready  for  shipment. 

"The  valonia  oak  flourishes  almost  exclusively  in  the  Levant;  Greece,  several 
islands  in  the  Aegean  Sea,  Crete,  and  Asia  Minor  are  itA  favorite  localities.  There  it 
flmves  in  great  profusion  and  in  every  variety  of  soil  and  climate,  being  affected  by 
neither  severe  heat  nor  great  cold.  In  the  plains  of  Elis  in  soft,  heavy,  rich  soil  the 
valonia  displays  all  its  beauties,  and  in  perfect  similarity  to  it^  congener  growing  on 
the  barren  and  stony  mountains  of  Acamania  and  Laconia. 

"The  tree  is  very  beautiful  with  its  great  outspreading  branches  and  delicate  foliage; 
it  reaches  in  many  instances  a  height  of  60  feet  and  a  girth  of  15  feet  3  or  4  feet  from 
the  soil.  In  appearance  it  resembles  the  ordinary  oak  and  has  many  of  the  latter's 
characteristics,  forming  occasionally  great  distorted  bole$<.  It  produces  the  oak 
apple,  and  the  mistletoe  grows  on  it  plentifully. 

"The  valonia  tree  can  scarcely  be  called  deciduous,  for  although  the  leaves  attain 
a  withered  and  brownish  look  in  winter,  only  a  certain  proportion  are  cast  before 
the  fresh  shoots  appear  in  the  early  spring. 

"The  finest  valonia  forest  I  know  of  exists  in  the  province  of  Achaia,  between 
Patras  and  Pyigos.  In  length  it  measures  some  10  miles  and  in  breadth  about  4 
or 5.    The  trees  in  most  instances  must  be  several  centuries  old. 

"The  manner  of  collecting  valonia  brings  one  back  almost  to  patriarchal  da^-s. 
The  Greek  peasantry  are  for  the  most  part  and  to  a  great  extent  nomadic.  In  the 
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summer  and  spring  months  they  retire  to  their  mountain  villages,  but  in  winter, 
driven  down  by  the  snows,  they  descend  into  the  plains  bordering  the  sea  and  live 
as  squatters .  Each  family  has  acquired  heredi tary  rights  for  years  and  years  to  occupy 
certain  portions  of  the  plains,  paying  a  head  tax  for  the  cattle  which  accompany  it 
and  having  a  right  to  collect  valonia  in  a  certain  area.  The  old  patriarch  of  the  fam- 
ily, with  his  wife,  sons,  daughters,  and  grandchildren  may  be  seen  collecting  valonia, 
for  which  they  pay  a  tax  of  10  per  cent  in  kind  to  the  owner  of  the  property. 

"In  1899  the  production  of  valonia  in  the  different  localities  was  as  follows:  5,000 
tons  in  Acarnania  and  Aetolia;  4,100  tons  in  Laconia  and  Arcadia;  and  900  tons  in 
Achaia.    In  1908  the  total  product  of  Greece  had  diminished  to  4,000  tons.*'    ( Wood.) 

"Valonia  consists  of  the  acorn  cups,  the  best  of  which  contain  about  40  per  cent 
of  tannin.  It  is  especially  serviceable  in  the  production  of  heavy  leatheis.  The 
tree  has  been  grown  in  the  vicinity  of  Paris,  where  it  attained  an  age  of  25  to  28  yean 
before  bearing  fruit.  In  the  collection  of  valonia  the  labor  of  children  and  young 
girls  is  said  to  be  largely  used,  the  pay  of  the  most  skillful  amounting  to  about  30 
cents  per  day."    (W.  W.  Stockberger.) 

Diatribution. — Lower  mountain  slopes  and  valleys  of  Greece,  and  on  the  Cyclades> 
See  No.  6833  for  previous  introduction. 

26243.    Garginia  brasiliensis  Mart.-(?). 

From  Lawang,  Java.    Presented  by  Mr.  M.  Buysman,  Hortus  Tenggerensis. 
Received  November  19,  1909. 

DistribtUion. — Found  in  the  woods  in  the  province  of  Para,  in  the  northern  part  of 

Brazil.  (Seed.) 

« 

26244  and  26245.     Polakowskia  tag  ago  Pittier. 

From  San  Joe^,  Costa  Rica.    Presented  by  Mr.  Ad.  Tonduz,  through  Prof.  H. 
Pittier.     Received  November  19,  1909. 

26244.    Small  variety  having  fiber.    26245.    Large  variety  without  fiber. 

''A  cucurbitaceous  plant,  the  fruit  of  which  is  used  as  a  green  vegetable.  It  is  a 
near  relative  to  the  chayote,  but  the  fruit  is  smaller,  fusiform,  set  with  stifif  spines  at 
the  base  and  of  quite  a  distinct  taste.  It  is  one  of  the  primitive  foods  of  the  native 
Indians  of  Costa  Rica,  where  it  grows  wild  in  fresh,  shady  places  of  the  tempeiate 
region,  and  its  use  as  a  vegetable  has  been  readily  adopted  by  the  Spanish  Costa 
Ricans.  Nowadays  the  plant  is  at  least  semicultivated  on  the  central  plateau.  To 
grow  it,  a  whole  mature  fruit  is  set  in  a  rich,  loose  leaf  mold  with  the  spiny  end  up 
and  almost  showing  at  the  surface.  The  vines  spread  on  the  ground  or  on  low  bushes 
or  supports.  The  fruits,  which  are  about  2i  inches  long  and  1)  inches  broad,  hang 
from  short  peduncles  and  are  picked  when  still  green.  After  taking  away  the  basal 
spines  they  are  boiled  in  water,  either  whole  or  cut  into  small  pieces,  or  pickled,  or 
made  into  preserves.  They  are  also  a  favorite  addition  to  the  native  vegetable 
soups.'*     (H.  Pittier.) 

26246  to  26252.    Pruxus  spp.  Cherry. 

From  western  Hupeh,  China.    Purchased  from  Mr.  C.  S.  Sargent,  director  of  ihe 
Arnold  Arboretum,  Jamaica  Plain,  Mass.    Received  November  22,  1909. 

Plants  of  the  following;  notes  by  Mr.  E.  H.  Wilson: 

26246.    From  Changyang  Hsien.    "(A.  A.  No.  3.)    A  very  ornamental  tree, 
attaining  a  height  of  10  to  30  feet.    Grows  on  mountains  at  an  alititude  of 
2,500  to  3,500  feet.    Flowers  white." 
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26247.  From  Changyang  Hsien.  ''(A.  A.  No.  3a.)  A  very  ornamental  tree, 
attaining  a  height  of  10  to  30  feet.  Grows  on  mountains *at  an  altitude  of 
2,500  to  3,500  feet.    Flowers  white." 

26248.  From  north  and  south  of  Ichang.  "(A.  A.  No.  3b.)  A  very  orna- 
mental tree,  attaining  a  height  of  10  to  30  feet.  Grows  on  mountains  at  an 
altitude  of  2,500  to  3,500  feet.    Flowers  white.'' 

26249.  "(A.  A.  No.  4.)    Nor  description. 

26200.  From  Changyang  Hsien.  *'(A.  A.  No.  5.)  A  rare  and  magnificent 
species,  attaining  a  height  of  35  feet.  Grows  in  glades  at  an  altitude  of  3,500 
feet.    Fruit  black.'* 

26251.  From  Changyang  Hsien.  "(A.  A.  No.  7.)  A  very  fine  tree,  rare, 
attaining  a  height  of  25  to  35  feet.  Grows  in  woods  at  an  altitude  of  3,000  to 
3,500  feet.    Flowers  pink." 

26262.  From  Changyang  Hsien.  *'(A.  A.  No.  11.)  A  very  common  bush 
species,  growing  10  feet  high  in  mountains  at  an  altitude  of  2,500  to  3,500 
feet.    Flowers  white  and  pink." 

28263.    ViciA  FABA  L.  Horse  bean. 

From  Kindred,  N.  Dak.  Presented  by  Mr.  A.  P.  Hertqgaard.  Received  Novem- 
ber 22,  1909. 

''Grown  in  North  Dakota,  summer  of  1909.  Seed  originally  from  Holland.  This  is 
said  to  be  called  in  Holland  the  pigeon  pea."    (Hertagaard.) 

26266  to  26269.    Eucalyptus  spp. 

From  Sydney,  New  South  Wales,  Australia.  Procured  from  Mr.  J.  H.  Maiden, 
director  and  government  botanist,  Botanic  Gardens.  Received  November 
25,  1909. 

Seed  of  each  of  the  following  procured  for  planting  on  the  experimental  plantation 
to  be  established  by  the  Forest  Service,  in  cooperation  with  the  Bureau  of  Plant 
Industry,  at  Brownsville,  Tex. : 

26266.    Eucalyptus  sideroxylon  A.  Cunn. 

DUtribiUion. — Australia,  in  the  provinces  of  New  South  Wales,  Victoria,  and 
South  Australia. 

26257.    Eucalyptus  goniocalyx  F.  Muell. 

DiatributUm. — Southeastern  Australia,  from  Twofold  Bay  in  New  South 
Wales,  to  the  Buffalo  Range  in  Victoria. 

26268.  Eucalyptus  botryoides  Smith. 

Distribution. — ^Eastern  Australia,  from  Brisbane  in  Queensland,  south  through 
New  South  Wales,  to  Victoria. 

26269.  Eucalyptus  pauciflora  Sieber. 

Distribution, — Common  in  Tasmania,  and  in  South  Australia,  Victoria,  and 
New  South  Wales. 

26266.     Rosa  canina  L.  Sose. 

From  Mexico.  Presented  by  Mr.  Harvey  C.  Stiles,  Mexico  City,  through  Mr. 
P.  J.  Wester.    Received  November  26,  1909. 

"Seeds  of  a  wild  rose,  native  of  the  cool,  frostless  Mexican  highlands,  but  found 
only  where  there  is  constant  moisture;  it  grows  luxuriantly,  often  12  to  20  feet  high, 
and  I  have  sometimes  seen  it  iu  gardens,  budded  or  grafted  to  other  sorts  of  fine  roses. 
It  makes  an  ideal  stock,  not  sprouting  like  Manettij  etc."     (Stiles.) 
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26266  and  26267. 

From  Cape  Town,  South  Africa.    Preeented  by  Mr.  R.  W.  Thornton,  government 
agriculturist,  Department  of  Agriculture.    Received  November  23,  1909. 

Seed  of  the  following  : 

26266.  Pentzia  ingana  (Tfaunb.)  Kuntze.  '*  Karroo  bnah.'^ 

Distribution, — Eastern  South  Africa,  from  Natal  south  to  Uitenhage,  Cape 
Colony. 

26267.  Panicvm  sp. 

''This  is  an  indigenous  grass  which  is  considered  to  be  one  of  the  bestgranes 
in  the  Orange  River  Colony,  where  in  certain  parts  it  is  practically  the  only 
fodder  which  the  stock  have."    ( Thornton.) 

26268  and  26269.     Passifloba  spp. 

From  Port  of  Spain,  Trinidad.    Presented  by  Dr.  E.  Andr^.     Received  Novem- 
ber 27,  1909. 

Seeds  of  the  following: 

26268.  Pasbiflora  quadranoularis  L.  GranadiDa. 

"A  plant  of  South  American  origin  very  closely  allied  to  Pauifiofra  macro- 
carpa  and  P.  alata,  now  cultivated  in  many  tropical  countries.  Its  laige, 
greenish-yellow  fruit  has  a  thick  rind  which  is  sometimes  preserved,  and  &e 
pulp  surrounding  its  seeds,  though  sometimes  insipid,  is  usually  pleasant 
flavored  and  is  made  into  cooling  drinks  and  sherbets.  The  seeds  are  too 
large  to  be  swallowed  as  in  the  case  of  the  smaller  fruited  species.  This  plant 
is  valuable  for  covering  arbors  and  verandas.  The  leaves  are  laige,  man- 
branaceous,  and  heart  shaped ;  the  large  fragrant  flowers  have  red  petals  alter- 
nating with  the  white  sepals,  while  in  the  closely  allied  P.  macroearpa  both 
the  sepals  and  petals  are  purplish.  Many  species  of  Passiflora  are  incorrectly 
referred  to  this  species."    ( W.  E.  Safford.) 

26269.  Passiflora  maliformis  L.  Sweet  cap. 

''This  species  is  frequently  cultivated  in  the  West  Indies,  and  on  some  of 
the  islands  it  is  found  wild.  The  fruit  is  globose,  or  apple  shaped,  and  much 
smaller  than  the  Granadilla  or  Barbadine  (S.  P.  I.  No.  26268).  It  hasa  thio 
shell-like  envelope,  not  soft  like  that  of  the  waterlemon  (P.  kturifolia)  but 
varying  in  rigidity.  In  the  specimens  sent  the  shell,  which  is  yellow  and 
marked  with  numerous  white  dots,  is  easily  indented,  almost  like  that  of 
P.  ligularis,  but  in  some  varieties  it  is  hard  and  rigid,  even  sufl&ciently  so  that 
snuffboxes  can  be  made  of  it.  The  pulp  is  pleasant  flavored  and  slightly 
acidulous,  and  the  seeds  are  small  enough  to  swallow.  The  leaves  are  simple, 
entire,  and  oval  or  ovate,  with  linear  lanceolate  stipules  and  petioles  bearing 
two  glands.  The  flowers  are  sweet  scented  and  beautiful,  variegated  red  and 
white,  with  blue  coronal  filaments.'*    (W.  E.  Safford.) 

26270  to  26278.     Rubus  spp. 

From  western  Hupeh,  China.    Purchased  from  Prof.  C.  S.  Sargent,  director, 
Arnold  Arboretum,  Jamaica  Plain,  Mass.    Received  November  29, 1909. 

Plants  of  the  following;'  notes  by  Mr.  E.  H.  Wilson: 

26270.  Rubus  bambusaruu  Focke. 

From  north  and  south  of  Ichang.  "(A.  A.  No.  48.)  A  straggling  plant; 
height  10  to  15  feet.  Grows  in  thickets  at  an  elevation  of  3,000  to  5,000  feet 
Flowers  pink.    A  fine  Rubus.'* 
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Distribution, — Bamboo  ioreets  on  the  mountain  slopes,  at  an  elevation  of 
4,000  to  6,000  feet,  in  the  province  of  Hupeh,  central  China. 

26271.  RuBUS  iNNOMiNATUS  S.  Moore. 

From  north  and  south  of  Ichang.  ''(A.  A.  No.  92.)  A  shrubby  plant; 
height  3  to  5  feet.  Qrows  in  thickets  at  an  elevation  of  3,000  to  4,500  feet. 
Pinkish  flowers.    Fine,  red  paniculate  fruits." 

DiatrUmtitm,— The  valley  of  the  Yangtze  River  at  Kiukiang,  in  the  province 
of  Kiangsi,  central  China. 

26272.  RuBus  ichanqbnsis  Hemsl.  and  Euntze. 

From  north  and  south  of  Ichang.  ''(A.  A.  No.  663.)  A  straggling  plant. 
Grows  in  thickets  at  an  elevation  of  2,000  to  4,000  feet.  Flowers  white.  A 
good  thing." 

DiatrUmtUm, — ^The  vicinity  of  Ichang,  province  of  Hupeh,  China. 

26273.  RuBUs  parkbri  Hance. 

From  north  and  south  of  Ichang.  "(A.  A.  No.  44a.)  A  straggling  plant; 
height  6  to  15  feet.  Grows  in  glens,  etc.,  up  to  an  elevation  of  2,000  feet. 
Pink  flowers,  calyx  red,  very  gUmdular." 

Digtribution. — ^The  provinces  of  Hupeh  and  Szechwan,  China. 

26274.  RuBUs  lambertianus  Ser. 

From  north  and  south  of  Ichang.  *'(A.  A.  No.  482.)  A  spreading  plant; 
height  6  to  10  feet.  Grows  in  thickets  at  an  elevation  of  2,000  to  4,000  feet. 
Whitish  flowers .    Red  frui ts . " 

Distribution. — Kiukiang,  in  the  province  of  Kiangsi,  and  along  the  valley  of 
lienchu  River,  in  the  vicinity  of  Saingu,  province  of  Kwangtung,  central 
China. 

26275.  RuBus  chroobbpalus  Focke. 

From  south  of  Ichang.  ''(A.  A.  No.  80.)  A  rambling  plant;  height  7  to  10 
feet.  Grows  in  thickets  at  an  elevation  of  3,000  to  4,000  feet.  Leaves  Hmall, 
cordate,  hairy  below.'* 

Distribution, — ^The  vicinity  of  Patimg,  in  the  western  part  of  Hupeh. 

26276.  RuBUS  conduplicatus  Duthie. 

From  north  and  south  of  Ichang.  "(A.  A.  No.  97.)  An  erect  plant;  height 
6  to  8  feet.  Grows  in  thickets  at  an  elevation  of  3,000  to  5,000  feet.  Flowers 
pink.    Fruit  red,  growing  in  dense  clusters." 

26277.  RuBUS  coreanus  Miq. 

From  north  and  south  of  Ichang.  ''(A.  A.  No.  31.)  An  erect  plant;  height 
6  to  8  feet.  Grows  on  mountains,  etc .,  up  to  an  elevation  of  4,000  feet.  FlowexB 
purple.    Stems  white.    Ornamental." 

Distribution. — ^The  provinces  of  Kiangsi  and  Hupeh,  in  central  China,  and 
the  islands  of  the  Korean  Archipelago. 

26278.  RuBus  htfaroyrus  Edgew. 

From  Changlo  Hsien.  "(A.  A.  No.  152.)  Grows  on  mountains  at  an  eleva- 
Jtion  of  3,000  to  4,500  feet.  Fruit  dark  red.  Flowers  paniculate.  Leaves 
silvery  below." 

Distribution. — Himalaya  Mountains  of  northeastern  India  and  mountains  of 
central  China. 
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26279  to  26281. 

From  China.  Presented  by  Rev.  T.  D.  Holmee,  Alfred,  N.  Y.  ReceiTed 
November  24, 1909. 

Seeds  of  the  following: 

26279.  Aleurites  fobdii  Hemsl.  China  wood-oil  tree. 
Laigest  seeds  of  this  variety  yet  received.    See  No.  25061  for  deecription. 

26280.  Sapikdus  mukorossi  Gaertn. 

'  *  The  Chinese  use  this  fruit,  j  ust  as  i  t  is  gathered,  to  wash  with .  My  wife  says 
these  soap  balls  are  superior  to  oiursoap  for  washing  flannel  &bric,  in  that  they 
prevent  shrinking. ' '    (Holmes.) 

Distribution. — Southeastern  China,  in  the  provinces  of  CheUang,  Fulden, 
Hupeh,  and  Kwangtung.    Also  in  India,  and  introduced  into  Japan. 

26281.  Gtmnocladus  chinensis  Baill. 

"The  pods  of  this  tree  are  used  as  a  soap."    (Holmes.) 

IHstribiUion. — ^The  southeastern  part  of  China,  in  the  provinces  of  Hupdi, 
Chekiang,  and  Kiangsi. 

26282.  ViciA  FABA  L.  Horse  bean. 

From  Cawnpore,  United  Provinces,  India.  Presented  by  Mr.  H.  M.  Leake, 
economic  botanist  to  government.    Received  November  29, 1909. 

^  *  Seed  of  the  only  form  of  Viciafaba  grown  here.  It  is  a  cold-weather  crop,  sown  in 
October  and  ripening  in  March.  The  unripe  pod  is  used  as  a  vegetable  ai^d  the  ripe 
seed  after  soaking  and  boiling.  The  stalks  are  used  as  fodder  for  stock,  chopped  up 
and  mixed  with  other  fodder  (e.  g.,  sorghum). 

"The  plant  is  grown  only  for  personal  consumption.  It  has,  therefore,  no  market 
value.**    (Leake,) 

26283.  PiNUS  piNCEANA  Oordon. 

From  Mexico.  Presented  by  Mr.  Elswood  Chaffey,  Hacienda  d^  Cedros,  Mazapil, 
2Sacatecas,  Mexico.    Received  November  18, 1909. 

' '  Seed  from  a  pine  which  grows  some  50  feet  high  and  as  much  as  2  feet  in  diameter." 
(Chaffey.) 

Distribution. — Alcng  gulches  on  the  slopes  of  the  great  table-land  in  northeastern 
Mexico,  between  19^  and  25®  north  latitude. 

26284  to  26288. 

From  Tokyo,  Japan.  Presented  by  Mr.  Albert  J.  Perkins,  who  procured  them 
from  The  Tokyo  Plant,  Seed  and  Implement  Co.  Received  November  29, 
1909. 

Seeds  of  the  following: 

26284  to  26287.    Raphanus  sativus  L.  Badiah. 

26284.  Sakurajim/i,    See  No.  22399  for  previous  introduction. 

26285.  Nerima.    See  No.  22397  for  previous  introduction. 

26286.  Tahiwan, 

26287.  Miyashige, 

26288.    Aralia  oordata  Thunb.  TJdo. 

Kan.  For  description,  see  Bulletin  42,  Bureau  of  Plant  Industry,  Depart- 
ment of  Agriculture. 
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26288  to  26291. 

From  Kentung,  Burma.  Presented  by  Rev.  R.  Harper,  M.  D.,  American  Baptist 
Shan  Mission.    R reived  November  29,  1909. 

Seeds  of  the  following;  notes  by  Rev.  R.  Harper: 

26289.  Stizolobium  sp. 

''Collected  by  Captain  McGregor.    This  is  a  sort  of  creeper,  I  believe,  very 
thorny." 

26290.  Anona  squamosa  L. 

"  Mak  au  h8a.  This  fruit  is  a  favorite  in  Burma,  and  if  it  can  be  grown  in  the 
Southern  States  oiight  to  command  a  large  market." 

26291.  Carica  papaya  L.  Papaw. 
Papaia,  from  which  a  digestive  extract  called  papain  is  made. 

26282  and  26293.    Stizolobium  spp. 

From  Dharapuram,  India.  Presented  by  Rev.  George  N.  Thomssen,  Baptla, 
South  India,  who  procured  them  from  Dr.  -C.  A.  Barber,  government  botanist. 
Agricultural  College,  Coimbatore,  India.    Received  November  29,  .1909. 

Seeds  of  the  following:      • 

26292.  '^PunarhkalV 

26293.  (Native  name  not  given.) 

"These  varieties  grow  wild  in  southern  India."    {Barber.) 

26284  to  26296.    Vicia  faba  L.  Horse  bean. 

Presented  by  Mr.  R.  L.  Sprague,  American  consul,  Gibraltar,  Spain.  Received 
November  29,  1909. 

Seeds  of  the  following: 

26294'.    From  Mazagan,  Morocco. 

26296.    From  Spain. 

26296.    From  Taragona,  Spain. 

26297.  Amygdalus  andersonii  (Gray)  Greene.  Wild  peach. 

From  Pyramid  Lake,  Nevada.  Presented  by  Mr.  Marsden  Manson,  San  Fran- 
cisco, Cal.    Received  December  1,  1909. 

Mr.  Manson  recommends  this  wild  peach  as  a  stock  and  for  hybridizing  experiments. 
See  No.  21657  for  previous  introduction. 

DistrUmtion, — California,  from  Sierra  County  southward  to  Inyo  County,  and  in  the 
western  part  of  Nevada. 

26298.  Anona  longifloba  S.  Watson. 

From  Altadena,  Cal.  Presented  by  Dr.  F.  Franceschi,  Santa  Barbara,  Cal. 
Received  December  1, 1909. 

''Fruit  said  to  compare  well  in  quality  with  the  cherimoyer.  The  species  is  hardy 
and  grows  quite  vigorously  at  Altadena,  Cal.  To  judge  from  photographs  of  fruit, 
leaves,  and  seeds,  it  would  seem  to  be  a  species  intermediate  between  Anona  chert' 
mola  and  Anona  gqwxniosa,  possibly  a  natiural  hybrid  between  these  species.''  (P.  /. 
Wester,) 

DistribiUum. — In  ravines  on  the  slopes' of  the  Oerro  de  San  Estevan,  in  the  vicinity 
of  Rio  Blanco,  Mexico.  (Seed.) 
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26299.  (Undetermined.)     (Scrophulariacese.) 

From  Yoeemite  Valley,  Mariposa  County,  Cal.    Presented  by  Mr.  F.  W.  McCan- 
ley,  through  Col.  G.  B.  Brackett,  pomologist.    Received  December  1,  1909. 

''Seed  of  a  wild  plant  that  grows  in  this  section  of  the  country  and  seems  to  be  val- 
uable for  cattle  to  feed  on.  It  is  a  large  plant,  attaining  a  height  of  3  to  4  feet  and  grow- 
ing in  the  shape  of  a  small  tree.  It  ripens  in  the  latter  part  of  October,  coming  up 
the  following  season  from  seed.  It  is  at  its  best  for  cattle  in  August,  when  it  is  still 
tender.  When  driven  cattle  throng  the  woods  at  this  season  of  the  year  they  will 
go  out  of  their  way  to  munch  on  this  plant;  later  in  the  season  it  becomes  hard  and 
woody,  and  then  cattle  will  only  eat  the  more  tender  branches  of  it.  This  plant  grows 
in  light,  sandy  soil  of  granitic  origin  and  apparently  without  moisture;  it  thrives  on 
steep  south  hillsides  among  brush  and  rocks,  also  on  the  mountain  top  in  the  pine 
forests  4,000  feet  above  sea  level.  A  peculiarity  of  the  plant  is  that  it  grows  in  little 
patches — ^here  half  a  dozen  plants,  and  there  possibly  50  together;  I  believe  the  seed 
does  not  spread  readily.  If  this  plant  could  be  cultivated  with  success  I  believe  it 
wotild  be  valuable  as  a  forage  plant  to  be  grown  without  irrigation.  It  grows  well  at 
altitudes  as  low  as  2,000  feet  above  sea  level,  where  the  thermometer  stands  at  100^ 
and  marks,  as  high  as  IIO'' . "     ( McCauley.) 

26300.  RoYSTONEA  BEGiA  (H.  B.  K.)  O.  F.  dook. 

From  Nice,  France.    Presented  by  Dr.  A.  Robertson  Proechowaky.    Recei'ved 
November  27,  1909. 

"A  variety  from  Mexico."    (ProscJiowsky.) 

Distribution, — Common  about  Cruces,  Goigona,  and  San  Juan,  in  Fananoa,  and  in 
Cuba,  Antigua,  and  other  West  Indian  islands. 

26301.  Andropogon  halepensis  vibgatus  Hackel. 

From  Algiers,  Algeria.    Presented  by  Doctor  Trabut.    Received  December  2, 
1909. 

"This  grass  is  vigorous,  but  not  stoloniferous,  and  woiild  be  Interesting  for  hybri- 
dizing with  Sorghum  vulgare  [Andropogon  sorghum].  It  is  a  moderately  good  fonge 
like  Johnson  grass,  but  has  the  advantage  of  not  stooling.  This  variety  is  perennial 
here  and  produces  many  seeds."    ( Trabut.) 

Distribution. — Egypt,  extending  from  Alexandria,  through  Nubia,  to  the  valley  of 
the  White  Nile,  in  the  Province  of  Kordofan. 

26302  and  26303.    Vigna  unguiculata  (L.)  Walp.  Cowpea. 

From  Entebbe,  Uganda.    Presented  by  Mr.  R.  Fyffe,  Botanical  and  Forestry 
Department.    Received  December  3,  1909. 

Seeds  of  the  following;  native  names  as  given  by  Mr.  Fyffe: 

26302.  Buff  seeded.  (This  number  was  assigned  to  three  packages  of  seed 
which  had  been  mixed  in  transit.  The  native  names  are  as  follows :  ' '  Mpendi 
Kiriya  Mugombere,"  '* Mpendi  Kantinti,"  ''Mpendi  Bimogoti.") 

26803.    Black  seeded.    ''Mpendi  Luzzige." 

26304  to  26329. 

From  Chile.    Received  through  Mr.  Jos6  D.  Husbands,  Limavida  (via  Molina), 
Chile,  November  9,  1909. 

Seeds  of  the  following;  notes  by  Mr.  Husbands: 
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VeSM  to  26328— Continued. 

26304.  Acacia  longifolia  (Andr.)  Willd. 

**Aromo.  A  grand,  yellow-flowered  tree,  grown  in  Chile  from  the  time  of  the 
Spanish,  for  ornamental  purposes.'' 

Distribution. — A  shrub  or  small  tree  found  throughout  Australia  and  in 
Tasmania.    Used  as  a  street  tree  in  California. 

26305.  Aextoxicon  punctatum  R.  and  P. 

"In  Valdivia  and  Chiloe  this  plant  is  called  Uique'  or  *palo  muerto;'  in  the 
north  it  is  called  'acietunillo'  or  'olivillo.*  It  grows  along  the  coast  of  Chile 
from  Valpafaiso  to  the  island  of  Chiloe.'* 

26306.  Aristotelia  hacqui  L'Herit. 

**El  Maqui.  This  is  a  valuable  wild  fruit  tree  and  I  believe  is  capable  of 
improvement.  The  fruit  is  abundant,  astringent,  sweet,  and  refreshing.  In 
time  of  fruitage  'chicha  de  maqui'  is  highly  esteemed  as  a  healthful  beverage. 
It  is  nonfermented;  the  fruit  is  simply  mashed  and  mixed  with  water  and  the 
liquid  drawn  off  and  drunk.  The  fruit  juice  is  similar  in  color  to  blackberry 
juice;  it  stains  whatever  it  comes  in  contact  with,  but  it  is  not  indelible.  The 
fruit  is  gathered  in  immense  quantities  and  dried  for  export  and  domestic  uses, 
especially  for  coloring  wines  or  imitating  them.  These  seeds  are  from  near 
Puerto  Montt,  which  is  the  extreme  southern  limit  of  the  territory  allotted  to 
their  growth;  they  are  as  good  as  'el  maqui'  of  central  Chile.  The  color  of  the 
fniit  is  generally  a  reddish  black;  brown,  white,  and  pink  fruits  are  sparsely 
found  in  a  few  localities,  but  these  are  different  varieties.  This  tree  sometimes 
attains  a  height  of  30  to  35  feet.  Usually  it  is  not  more  than  12  to  15  feet  high 
and  4  inches  in  dii^meter,  but  I  have  seen  trees  16  inches  in  diameter.  They 
thrive  in  dry  central  Chile,  but  seek  the  moisture  of  the  ravines.  The  tree 
reminds  one  of  a  cherry  tree.  The  wood  is  not  considered.  The  bark  of  the 
new  wood  is  very  flexible  and  is  used  for  making  lassos  and  ropes  for  use  about 
the  farm;  also  for  tying  in  the  vineyards.  The  ties  are  strong  and  last  a  long 
time  if  dampened  before  using.  Birds  and  foxes  are  very  fond  of  the  fruit  and 
scatter  the  seeds  in  a  fit  state  to  germinate. 

"The  juice  of  the  leaves  is  a  splendid  remedy  for  throat  diseases  and  ulcers 
and  has  a  fame  for  healing  wounds.  An  infusion  of  the  leaves  is  employed  as  a 
gargle.  Reduced  to  a  powder,  they  serve  effectively  as  a  healing  ointment. 
They  are  also  good  made  into  a  poultice,  especially  when  placed  over  the  kid- 
neys to  calm  fevers.  The  fruit,  being  a  quick,  mild  acid,  and  astringent,  is 
often  used  as  a  refreshing  drink  in  the  sick  room  and  is  especially  eflScacious  in 
fevers;  toasted  and  ground  or  broken  and  put  into  hot  water  it  is  a  sure  remedy 
against  the  worst  cases  of  diarrhea,  dysentery,  and  cholera;  being  perfectly 
harmless  the  fruit  or  decoctions  may  be  eaten  or  drunk  in  any  quantity.  The 
plant  is  widely  distributed,  from  alwayd  dry,  rainless  Coquimbo  to  Chiloe'a 
perpetual  moisture." 

Distribution. — ^Along  ravines  from  central  Chile  to  Puerto  Veras. 
26307  and  26308.    Avena  sativa  L.  Oat. 

26300.    BoQUiLA  TRiFOLiATA  (DC.)  Docaisne. 

"  'Voquil  bianco,'  'boquila,' and  'pilpil  bianco'  are  the  Indian  names.  It 
grows  along  the  edges  of  the  woods  from  the  thirty-fifth  degree  of  latitude 
south  to  and  including  the  island  of  Chiloe;  it  avoids  altitudes  and  seeks  the 
moist  lowlands.    The  fruit  is  without  importance." 

26310  and  26311.    Chusquea  quila  (Poir.)  Kunth.  Bamboo. 

"This  seed  is  from  the  provinces  of  Cautin  and  Malleco,  in  the  vicinities  of 
the  volcanos  Lonquimai,  Llaimi,  and  Villa  Rica.    Several  small  lots  from 
205 


38  SEEDS  AND  PLANTS  IMPOBTED. 

26804  to  26329— Continued. 

26310  and  26311— Continued. 

different  places  are  contained  in  this  shipment  and  may  or  may  not  be  all  ol 
the  same  variety.    They  are  not  of  the  Valdivia  class.'' 

IHatrilmtion, — ^The  Chilean  coast  from  Valparaiso  to  Chiloe. 

26312.  CrrRULLUs  vulgaris  Schrad.  Watermekm. 
'*A  watermelon  that  was  harvested  in  Februarys  and  eaten  in  July.*' 

26313.  CucuMis  melo  L.  Mnskmelon. 
''A  melon  that  grew  without  water  in  the  poorest  arid  soiL" 

26314  and  26316.    Embothrium  cocciNEtJif  Forst. 

26314.  ''  'Notru/  *el  ciruelillo.'  A  beautiful,  flowering  omamentil 
tree  fit  for  any  place.  Has  bunches  of  bright  crimson  flowers  in  eariy 
October  and  dark-green  leaves,  which  are  pale  green  beneath .  It  grows 
in  the  south  up  to  22  feet  and  12  to  16  inches  in  diameter.  A  decoction 
of  the  bark  or  leaves  is  used  to  cure  glandular  affections;  infusion  or 
smoke  cures  dental  neuralgia,  and  is  also  used  to  cicatrize  wounds." 

26316.  "'Lirhuerillo.'  From  the  Province  of  Llanquihue.  Useful 
as  a  timber  tree." 

Distribution. — ^Tho  southern  part  of  Chile. 

See  Nos.  25491  and  25492  for  previous  introductions. 

26316.    EucRYFHiA  coRDiFOUA  Cav. 

"North  of  Valdivia  this  is  called  *Ulmo;'  at  the  south  *Muermo.*  An  ever- 
green tree  with  dense  foliage,  very  beautiful  on  account  of  its  abundant  bunchf« 
of  beautiful,  white,  fragrant  flowers;  it  grows  50  feet  high  and  2  feet  in  diameter. 
Its  hard  wood  is  tan  colored,  of  good  -quality  for  charcoal  and  bright  blanng 
fuel,  extra-durable  railroad  ties,  heavy  timbers,  planks  or  boards,  casks  and 
vats,  furniture,  or  any  inside  work;  it  becomes  a  darker  red  from  exposure  and 
age.  Its  wood  and  bark  are  highly  impregnated  with  tannic  acid.  The  bark 
contains  abou£  35  per  cent  of  tannin  of  great  excellence,  which  quickly  tans 
leather  of  superior  quality  and  of  much  flexibility.  The  tanned  product  has 
a  clean,  light-buff  color  and  an  increased  weight  over  the  crude  skins.  The 
tannin  of  the  wood  serves  for  tanning,  but  is  not  used  on  account  of  its  giving 
leather  a  blue  cast.  Ulmo  bark  is  better  than  lingue  and  has  been  successfully 
applied  in  the  form  of  concentrated  extracts;  its  superiority  as  a  tanning  com- 
pound is  of  recent  knowledge.  It  flowers  in  November  and  December  and  seeds 
in  March  and  April." 

Distribution. — ^The  region  around  San  Carlos,  Chile,  and  extending  south  to 
the  island  of  Chiloe. 

See  No.  25490  for  previous  introduction. 

26817  and  26318.    Gevuina  avellana  Molina. 

26817.  ^^^  Avellana.^  One  of  the  handsomest  trees  in  the  world;  its 
glossy,  evergreen  leaves,  bunches  of  white,  fragrant  flowers  and  crim- 
Bon  nuts  all  at  the  same  time,  and  its  general  symmetrical  grace  and 
beauty,  make  a  very  impressive  sight.  It  grows  in  the  Cordilleras  of 
south  and  central  Chile  to  the  thirty-fourth  degree  of  latitude  and  not* 
beyond ;  is  also  found  in  the  low  coast  range  of  the  Cordillera  Maritima. 
These  seeds  were  found  growing  in  latitude  44'^;  they  need  to  be  soaked 
in  water  a  long  time  to  germinate;  they  thrive  in  any  soil,  dry  or  wet. 
high  or  low  lands  here,  but  moist  land  is  best  for  them.  The  wood  d 
this  tree  is  tough  and  elastic,  takes  a  high  polish,  and  is  good  for  furni- 
ture." 
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26304  to  26828— Continued. 

263 1 7  and  263 1 8— Continued. 

26318.    '''Avellana.*    From  the  Cordillera  of  central  Chile.    Soak  the 
seeds  well." 

See  No.  25611  for  previous  introduction  and  distribution. 

26319.  Grbioia  sphacelata  (R.  and  P.)  Regel. 

^*  *  (Thupones.^    From  the  mainland  in  the  Province  of  Llanquihue.*' 

Distribution. — In  humid  situations  about  Concepcion,  Chile,  and  south  to 
the  province  of  Llanquihue. 

See  No.  26476  for  previous  introduction. 

26320.  GuNNERA  CHILE Nsis  Lam. 

'  ^ '  Nalca. '  This  grows  only  in  wet  places,  banks  of  streams,  ravines,  etc.  It  is 
like  a  giant  pieplant  or  rhubarb  and  is  very  ornamental;  it  is  somewhat  differ- 
ent from  'Pangue'  (S.  P.  I.  No.  25477);  the  former  is  eaten  raw  after  the  bark 
or  skin  is  removed  and  has  an  agreeable  sweet-acid  taste;  its  juice  made  into 
ices  is  eaten  with  gusto.  A  decoction  for  diarrhea,  etc.,  is  made  from  the  roots, 
which  are  hard  and  very  astringent;  the  small  quantity  of  juice  which  they 
contain  is  a  valuable,  permanent  black  dye  for  cloths  and  is  estimable  for  tanning 
skins.  The  new  sprouts  are  much  esteemed  by  the  Indians;  they  call  them 
'pampancallhue.'    Oxen  eat  the  leaves  with  relish  when  accustomed  to  them." 

See  No.  25477  for  previous  introduction  and  distribution. 

26321.  Laureua  sbmpbrvirens  (R.  <&  P.)  Tul. 

'' Indian  name  *el  huahuan.'  The  evergreen  laurel  is  too  well  known  to 
need  description.  The  industrial  applications,  large  dimensions  and  merits 
of  its  timber,  durability  when  not  exposed  to  the  elements,  facility  to  work, 
ability  to  permanently  receive  any  stain,  etc.,  require  no  comment.  It  is 
necessary  to  cut  the  tree  for  lumber  when  the  sap  is  down.  It  grows  to  im- 
mense size  in  the  Cordilleran  foothills  of  the  south  and  gradually  diminishes 
in  size  as  it  is  found  north  of  the  river  Bio  Bio.  It  has  nearly  all  the  medicinal 
properties  of  Laurelia  aromaticaj  among  which  are  the  following:  An  infusion 
of  the  scraped  or  pounded  wood,  the  leaves  or  flowers  is  used  to  cure  pains  in 
the  head  which  are  the  results  of  colds;  the  same  and  especially  an  infusion 
of  the  leaves  is  used  for  affections  of  the  digestive  tubes,  urinary  organs,  to 
combat  bronchitis  and  as  baths  or  lotions  to  strengthen  the  nervous  system,  to 
alleviate  or  moderate  paralysis,  to  fumigate  the  body  against  spasmodic  con- 
vulsions; a  pomade  made  of  the  powdered  leaves  cures  skin  diseases.  The 
ground  bark  being  placed  in  the  cavity  of  a  tooth  stops  the  pain;  an  infusion 
of  the  bark  is  used  as  a  remedy  for  lockjaw,  etc." 

Distribution. — ^Frequent  in  the  woods  in  the  vicinity  of  Valparaiso,  Chile, 
and  south  to  the  island  of  Chiloe,  rising  to  an  elevation  of  8,000  feet  on  the 
mountain  slopes. 

26322  and  26323.    Maytenus  boaria  Molina. 

26322.    "Large-leaved  variety."    26323.    ''Small-leaved  variety." 

"An  evei^een  forest  tree,  native  name  *el  maiten.'  A  beautiful, 
fine-leaved,  dense,  semidrooping,  small-limbed,  shade  tree  of  rare 
excellence,  growing  naturally  in  a  round  form  up  to  a  height  of  12  meters 
and  about  12  inches  thick.  It  naturally  seeks  the  dry  est,  poorest,  arid 
lowland  soils.  It  has  great  value  as  forage  for  horses  and  cattle;  in 
times  of  drought  or  grass  failure,  hungry  animals  are  kept  alive  by 
breaking  a  few  branches  daily  and  feeding  the  leaves.  The  wood  is  fine 
grained,  hard,  elastic,  and  mostly  plain  white  and  pale  yellow,  some- 
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36804  to  26329— Continued. 

26322  and  26323— Continued. 

times  with  a  light  pinkish-red  cast;  some  varieties  are  beautifuUy 
veined  with  red  and  oUve  colors.  The  Araucana  Indians  use  the  wood 
to  make  their  bows." 

DistrUnitUm, — Dry  lowlands  along  the  Chilean  coast  and  south  to  Pata- 
gonia. 
See  No.  23272  for  previous  introduction. 

26324.    NoTHOF.^GUs  sp. 

**  *  Rauli.^  A  giant  forest  tree  of  the  greatest  industrial  value;  it  may  be 
favorably  compared  with  the  American  black  walnut  in  respect  to  its  uses  and 
commercial  importance.  Like  the  finest  pines  it  is  used  to  make  all  kinds  of 
sash,  doors,  blinds,  and  for  every  class  of  furniture,  and  inside  and  outside 
construction;  it  is  durable,  easy  to  work,  receives  and  long  retains  any  paint 
or  stain,  admits  of  the  highest  class  of  polish,  is  tasteless,  and  is  laigely  used 
for  win*,  casks,  tubs,  vats,  store  fixtures,  etc.  The  wood  does  not  warp,  split, 
fade,  or  rot.  The  trunks  are  long  and  extra  thick,  requiring  the  full  capacity 
of  both  the  upper  and  lower  saws  of  the  mills  to  cut  them  through.  In  my 
opinion  'rauli'  is  the  most  valuable  wood  in  Chile  for  general  uses.  Grows 
only  in  the  provinces  of  Nuble,  Conception,  Malleco,  and  Cautin." 

26326.    Quill Aj A  saponaria  Molina. 

'* '  QuiUaL*  It  will  certainly  pay  to  plant  plantations  of  this  valuable  tree. 
The  natural  source  of  supply  is  exhausted.  They  seek  the  dry  hillsides  and 
foothills,  where  they  thrive  in  the  driest  and  worst  kinds  of  arid  soils." 

Distribution. — In  the  valleys  and  on  the  plains  at  the  base  of  the  mountains 
from  lUapel,  south  to  the  valleys  of  the  Angol  and  Levu  rivers,  Chile. 

26326.  Rhaphithamnus  parvitolius  Miers. 

''  In  the  province  of  Yaldivia  this  is  called  '  espino  bianco;'  further  south  the 
Indians  call  it '  arrayan  macho, '  *  arrayan  de  espino,'  *  guayun,'  and '  repu. '  It  is  an 
evei-green  bush  or  treelet  about  20  feet  high,  good  for  live  fences  and  ornament." 

Diatrihution. — The  southern  part  of  Chile  and  the  adjacent  islands. 

26327.  SoLANUM  sp.  Potato. 

26328.      SOPHORA  TETRAPTERA  J.  Mill. 

^^^Pclu.^  This  treelet  of  12  to  15  feet  is  beautifully  ornamental,  having 
abundant  bunches  of  fragrant,  yellow  flowers,  which  come  in  August  and  Sep- 
tember before  the  leaves  appear.  The  wood  is  not  very  thick,  but  is  extra 
valuable  on  account  of  its  extreme  hardness;  it  is  used  for  hubs,  spokes,  plow 
points,  pulleys,  cogwheel  teeth,  pins  for  sailing  boats,  ships,  etc.  It  grows 
between  Concepcion  on  the  north  and  Puerto  Montt  south,  also  upon  the  island 
of  Juan  Fernandez,  where  it  is  called  'Guayacan.'  The  scraped  wood  serves  as 
a  Ftimulant  and  cathartic.  It  is  also  used  for  chronic  rheumatism,  gout, 
syphilis,  and  cutaneous  diseases.    Lasts  forever  in  water.-' 

See  No.  25479  for  previous  introduction. 

26329.    Tepualla  stipularis  Griseb. 

"  '  TepuJ'  This  is  a  small,  beautiful  tree,  which  grows  along  the  coast  of 
Chile  from  Valdivia  to  the  island  of  Chiloe,  where  it  forms  dense  impasBable 
forests;  the  Indians  call  these  woods  'Tepuales.' 

26330  to  26343.    Thea  sinensis  L.  Tea. 

From  China.    Procured  by  Vice-Consul  Nightingale  under  directions  from  Mr. 
S.  L.  Gracey,  American  consul  at  Foochow,  at  the  suggestion  of  Ambassador 
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16830  to  2B843— Continued. 

Rockhill  before  he  left  Pekin  for  St.  Peterebuig,  Rusria.  Phmts  received  at 
the  Plant  Introduction  Garden,  Chico,  Cal.,  December  1,  1909;  seeds  received 
at  Washington,  D.  C,  December  6, 1909. 

Plants  of  the  following: 

26830  to  26332.    From  the  Eienning  district. 

26330.  LotUM  Heart.  26332.    Dragon  Pool. 

26331.  Water  Fabry, 

26338  to  26336.    From  Wuishan  district,  the  cli£^grown  teas  from  River 
of  the  Nine  Windings. 

26333.  WhUe  Cock  Conib.  26336.    Superior. 

26334.  Great  Red  Robe.  26336.    Dragon  Pool. 
Seeds  of  the  following: 

26337.  Water  Fairy  (parent  plant). 

26338.  Dragon  Pool  (parent  plant). 

26339.  Dragon  Pool.    From  Heaven  Sauntering  Place. 

26340.  WkUe  Cock  Comb  (parent  plant). 

26341.  Red  Robe  (parent  plant). 

26342.  Red  Robe.    From  Heaven  Heart  Temple. 

26343.  WhUe  Peony  (parent  plant). 

"  The  cliff-grown  teas  are  extremely  rare  and  valuable,  and  I  do  not  believe 
can  be  obtained  again,  as  the  Chinese  are  not  at  all  anxious  to  have  the  tea  of 
this  district  become  general.  The  department  having  for  some  years  past 
written  for  seed  of  the  'Dragon  Pool  teas,'  which  I  was  unable  to  obtain  other- 
wise, though  repeated  requests  have  been  made,  I  sent  my  vice-consul,  Mr. 
Nightingale,  and  through  the  extreme  courtesy  of  the  viceroy  of  Fukien,  the 
magistrate  of  Chungan,  and  two  mandarin  friends,  he  was  allowed  to  gather 
seeds  and  select  the  plants  I  send.  There  is  200  miles  of  foot  journey  besides 
considerable  boat  trip  from  Foochow  to  this  district,  which  involves  some 
expense.  The  peculiar  flavor  of  these  cliff-grown  teas  is  said  to  come  from 
the  soil,  and  other  soil  may  impart  an  entirely  different  flavor  to  the  same  plant. 
The  earth  about  the  cliff  teas  is  very  sandy  and  not  at  all  rich.  A  rich  soil 
they  claim  b  not  good  for  tea,  as  the  plant  will  grow  too  high  and  not  remain 
stunted,  as  is  considered  desirable.  In  this  district  frost  occurs  often,,  and 
now  and  then  there  is  light  fall  of  snow,  which  lasts  but  a  short  time.  The 
entire  district  of  the  River  of  the  Nine  Windings  is  composed  of  huge  red  sand- 
stone cliffs  and  bowlders,  and  in  the  shadow  and  clefts  of  the^e,  wherever  a 
little  of  the  sandy  soil  is  foimd,  the  tea  grows.  Other  than  a  little  digging 
about  the  roots  at  this  season  of  the  year  (October),  no  attention  is  necessary. 

"Some  fertilize  the  plants  once  or  twice  a  yeai  with  night  soil;  the  fertiliza- 
tion is  not  considered  necessary. 

"Some  plants  produce  as  many  as  four  kinds  of  tea,  according  to  the  size  of 
the  leaf  and  the  time  of  gathering.  The  teas  of  this  district  in  order  of  supe- 
riority are  'White  Cock  Comb,'  'Great  Red  Robe,*  'Superior,'  'Lotus  Heart,' 
'Water  Fairy,'  and  'Dragon  Pool.'  The  White  Cock  Comb  and  the  Red  Robe 
plants  were  those  growing  closest  to  the  original  plant.  The  White  Cock  Comb 
is  said  to  be  'the  original  tea  plant  and  to  have  fallen  from  heaven;'  twice  a 
year  the  Chungan  magistrate  comes  to  see  that  it  is  all  right  and  v^orship  at  a 
neighboring  temple.  The  Dragon  Pool  tea  plants  are  from  a  little  inclosure 
back  of  this  temple,  where  a  brother  of  an  emperor  in  the  Sung  dymisty  retired 
at  one  time  to  raise  tea,  and  which  I  believe  has  given  rise  to  the  story  of  the 
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26830  to  26848— Continued. 

'Royal  Inclo0urQ8.'  The  'Special  Tea'  comes  from  the  Chungan  magistiate*? 
private  stock.  The  Kienningfu  plants  produce  an  inferior  quality  of  tea  from 
that  of  the  cliff  district.  These  plants  may  be  raised  from  cuttings  in  the 
spring;  those  of  the  cliff  district  by  seed  only. 

''The  seeds  should  be  soaked  in  water  twenty-four  hours  before  planting, 
and  then  planted  in  the  open  to  a  depth  of  5  inches  in  low  mounds  3  feet  apvt; 
ridges  should  be  made  so  the  rain  runs  freely  from  the  mounds.  Considerable 
moisture  after  planting  is  not  desirable. 

"The  Dragon  Pool  seed  sent  is  from  the  Wuishan  district.  All  the  seeds  tre 
authentic,  as  Mr.  Nightingale  gathered  them  personally."  (Extract  from  IdUr 
dat£d  October  S6, 1909,  written  by  Consul  Gracey  to  Mr.  George  S.  Baker,  United 
States  dispatch  agent,  San  Franciaoo,  Col.) 

26844  to  26862.     Rosa  spp.  Rose. 

From  Woods  Hole,  Mass.    Presented  by  Mr.  M.  H.  Walsh.    Received  December 
2,  1909. 

Plants  of  the  following  Rambler  roses;  descriptive  notes  by  Mr.  Walah: 

26344.  *^Kalmia  is  a  beautiful  light  Kalmia  formed  and  colored  flower, 
single." 

26345.  ** Bonnie  Belle  is  carmine  and  pink,  single." 

26346.  "Delight,  bright  red. " 

26347.  '^La  Fiamma,  single;  intense  crimson,  with  white  center." 

26348.  "  Coquina,  as  its  name  denotes,  is  shell  color.  '* 

26340.    "Milky  Way,  single,  white,  large  flower;  an  improved  wichuriana. ** 

26360.  "Lady  BUmche,  double  white  wichuriana  hybrid;  very  dark,  glosy 
foliage;  flowers  borne  in  clusters  similar  to  L<ady  Gay.  This  variety  is  deli- 
ciously  fragrant. " 

26351.  "Excelsa  is  double,  crimson  maroon,  with  tips  of  petals  fiery  scarlet; 
this  will  rank  as  one  of  the  best. " 

26352.  '  *  Jessica,  a  climbing  variety,  large  glossy  foliage;  large,  double  flower, 
cotton  white,  fragrant;  a  valuable  acquisition." 

26868.     Mettebnighia  webcklei  K.  Schum. 

From  San  Jose,  Costa  Rica.  Presented  by  Mr.  Ad.  Tonduz.  Received  December 
4, 1909. 
"Fleshy  roots  of  what  Mr.  Carlos  Werckl^  calls  the  'edible  tuber'  of  Mettermekia 
werchlei  K,  Schum.  (Solanaceee);  he  experimented  with  eating  these  paeudotubercks 
and  found  them  agreeable  and  without  any  poisonous  principle.  Mettemidna  werdclei 
grows  in  the  high  plateaus  of  La  Palma,  near  San  Jose,  at  5,000  feet  altitude.  It  is 
sometimes  a  branching  bush,  7  to  10  feet  high,  which  grows  in  the  ground,  and  some- 
times a  semiepiphyte  which  grows  in  rotted  trunks  of  trees  or  in  a  hollow  of  some  l&igc 
tree.  Mr.  Werckl6  says  that  this  bush  can  be  propagated  very  easily  by  means  of 
pieces  of  roots. "    ( Tondiu.) 

26854.  Crataegus  azarolus  L. 

From  Acre,  Palestine.    Presented  by  Miss  Rifka  Aaronsohn,  Zichion-Jacob, 
near  Haifa,  Palestine.    Receiv^  October  19,  1909. 

"Seed  of  the  large,  red-fruited  variety.''    (Aaronsohn.) 
See  No.  261^6  for  description. 
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18866.     PopuLUS  LASiOGABPA  Oliver. 

From  Chelsea,  London,  England.    Purchased  from  MeBsrs.  James  Veitch  &  Sons. 
Received  December  8,  1909. 

"The  ovate  cordate  leaves  of  this  new  poplar  are  extremely  large  and  attractive, 
Masuring  10  to  12  inches  in  width.  They  are  bright  green  in  color,  whilst  the  petiole, 
udrib,  and  principal  veins  are  of  a  rich  red  hue.  The  tree  in  central  China  attains  a 
eight  of  15  to  40  feet  and  should  prove  a  valuable  addition  to  our  ornamental  decid- 
lous  trees. "     (  Veitch  <t  Sons.) 

Distribution. — Central  China,  in  the  provinces  of  Hupeh  and  Szechwan. 

eS6e  to  26362. 

From  Malkapur,   Berar,  India.    Presented  by  Mr.  A.  S.  Dhavale.    Received 
November  29, 1909. 

Seeds  of  the  following;  quoted  native  names  as  given  by  Mr.  Dhavale: 

26356.     Crotalabia  juncea  L. 
"Boru,'' 

DistribuUion. — Plains  of  India  from  the  Himalayas  to  Ceylon,  the  Malayan 
Islands,  and  Australia.    Cultivated  for  fiber. 

26857.     DoLiCHOS  biflobus  L. 
''Kulitha,'' 

26358.  DoLiCHOS  lablab  L.  Bonavist  bean. 

26359.  GuizOTTA  abtssikica  (L.)  H.  Cass. 
'*Karala." 

26360.  Phaseolus  max  L. 
"Urwf." 

26361.  Phasbolus  badiatus  L. 
''Mug.'' 

26362.  ViQNA  CATJANG  (Burm.)  Walp. 
"  Chavali. "  Brown  eye,  small. 

S6363  to  26386.     Garcinia  manoostana  L.  Mangosteen. 

Grown  at  the  United  States  Department  of  Agriculture  greenhouse,  Washington, 
D.  C,  numbered  December  17,  1909. 

"These  seedlings  were  raised  from  S.  P.  I.  No.  21276,  received  through  Mr.  H.  F. 
Macmillan,  Royal  Botanic  Gardens,  Peradeniya,  Ceylon,  August  22,  1907.  The 
Kedlings  were  inarched  to  4-year-old  plants  of  Garcinia  tinctoria  (DC.)  W.  F.  Wight 
(G.  xttnthochy7nus)j  S.  P.  I.  No.  11788,  raised  from  seeds  obtained  from  Dr.  John  C. 
Willis,  director  of  the  Royal  Botanic  Gardens,  Peradeniya,  Ceylon,  October  31,  1904. 
0.  tinctoria  was  used  as  a  nurse  plant  to  which  the  aeedlings  of  the  mangosteen  were 
ioarched.  Since  the  unions  were  e£fected  the  mangosteens  have  made  splendid 
growth  and  this  method  promises  to  be  the  best  one  so  far  as  my  experimental  work  in 
^e  propagation  of  the  mangosteen  has  gone.  It  has  been  deemed  best  to  give  each 
of  these  inarched  plants  a  separate  S.  P.  I.  number,  so  that  they  will  not  be  confused 
^th  other  mangosteens  worked  by  different  methods. "    (G.  W.  Oliver.) 

88886.    PtTNiCA  GRANATUM  L.  Pomegranate. 

Prom  Tripoli,  in  Barbary,  North  Africa.  Forwarded  by  the  American  vice- 
consul,  at  the  request  of  Mr.  William  Coffin,  American  consul,  who  presented 
them  to  the  Department.    Received  December  10,  1909. 
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26387  and  26S88. 

From  Georgetown,  Demarara,  British  Guiana.  Preaenied  by  Mr.  F.  A.  Stockdalo, 
assistant  director  and  government  botanist,  Science  and  AgricultiiFe  Departs 
ment,  Botanic  Gardens.    Received  December  10  and  11,  1909. 

Seeds  of  the  following  palms: 

26887.  Attalea  comxNE  Mart. 
See  No.  1970  for  description. 

Distribution. — Honduras,  and  the  northeastern  part  of  South  America. 

26888.  CoPERNiciA  TECTORUM  (H.  6.  K.)  Mart.  (?) 
Distribution. — The  valley  of  the  Orinoco  River,  in  South  America. 

26889  to  26397.     Zea  mays  L.  Com. 

From  Hamburg,  Germany.  Purchased  from  Mr.  Albert  Schenkei,  47  Rosen- 
strasse.    Received  December  10, 1909. 

Seeds  of  each  of  the  following;  names  of  varieties  as  catalogued: 

26880.  Zea  atropi/rpurea. 

26390.  Zea  caraoua. 

26801.  Zea  gracillima  varibgata. 

26892.  Zea  gracillima  variegata  gigantea. 

26893.  Zea  gracillima  zebrina  aurea. 

26894.  Zea  japonica,  foliage  variegated. 

26395.  Zea  japonica  oigantea  quadricolor. 

26396.  Zea  sp.  Rissen  mais  von  Peru. 

26397.  Zea  tunicata,  foliage  variegated. 

The  above  were  purchased  for  the  experiments  of  Mr.  G.N.  Collins,  aasistant  bota- 
nist, Bionomic  Investigations,  this  Department. 

26398.    CiTBus  AURANTiuM  SINENSIS  L.  Orazige. 

From  Tollman  Barranca,  Hidalgo,  Mexico.  Presented  by  Mr.  Joige  J.  White, 
Zimapan,  Mexico.    Received  December  16,  1909. 

"Cuttings  of  an  orange  that  retails  for  10  centavos  each  in  Mexico  City;  it  is  small 
and  extremely  sweet,  and  I  believe  with  care  will  make  a  fancy  shipping  orange. 
The  barranca  where  they  grow  was  settled  by  the  Spanish  padres,  who,  I  betieve, 
introduced  the  orange;  owing  to  neglect  by  the  Indians,  who  own  all  the  trees,  which 
are  now  very  few,  I  suppose  that  the  fruit  has  deteriorated,  but  careful  cultivation 
and  perhaps  crossing  might  give  a  remarkably  fine  orange. 

"The  winters  here  are  very  mild;  the  soil,  generally  speaking,  is  very  poor  and  full 
of  gravel,  and  is  also  thin,  not  exceeding  a  meter  in  thickness;  underlying  the  soil  is 
the  usual  detritus — coarse  bowlders — ^found  in  the  beds  of  mountain  streams.  The 
elevation  is  about  4,000  feet  above  sea  level. "    {WhiU.) 

26399  to  26406.    Vigna  ungutoulata  (L.)  Walp.  Cowpea. 

From  Mount  Selinda,  Rhodesia,  South  Africa. 
Presented  by  Mr.  C.  C.  Fuller,  through  Mr.  W.  L.  Thompson,  M.  D.     Received 
November  27, 1909. 

Seeds  of  the  following,  with  descriptions  of  same: 

26899.    Small,  black.  26403.  Maroon. 

26400.  Large,  black.  26404.  Small,  bu£F. 

26401.  Small,  speckled.  26405.  Large,  buff. 

26402.  Large,  speckled.  26406.  Cloudy  violet  and  buff. 
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96406.    GossTPiuM  hibsutum  L.  Ootton. 

From  Northern  Arabia.  Presented  by  Dr.  Arthur  K.  Bennett,  Arabian  Mission, 
Busrah,  Persian  Gulf,  via  Bombay.    Received  November  20,  1909. 

"Seed  of  a  cotton  which  I  found  while  traveling  across  northern  Arabia.  The 
women  were  weaving  a  light-brown  cloth  from  this  land  of  cotton,  and  they  say  it  is 
bigger  and  better  than  the  white.''    (Bennett.) 

86411.  Ipomoea  sinuata  Ortega. 

From  Iguala,  Mexico.    Ck>llected  by  Dr.  David  Griffiths.    Received  December 

"Seeds  of  a  native  ipomoeaceous  vine  which  climbs  over  shrubs  in  the  valley  of 
Iguala,  Mexico.  The  vine  itself  is  a  handsome  thing.  I  have  not  seen  the  flowers." 
iGHffiths.) 

86412.  Cabyophtllus  malacgensis  (L.)  Stokes. 

Large  rose-apple. 

From  Honolulu,  Hawaii.  Presented  by  Mr.  J.  E.  Higgins,  horticulturist,  Hawaii 
Experiment  Station.    Received  December  16, 1909. 

"The  mountain-apple,  as  it  is  locally  'known  in  Hawaii,  is  a  very  beautiful  fruit  of  a 
very  dark  red  color  when  at  its  best.  It  is  about  the  size  of  a  small  pear  and  is  of  mild, 
rather  pleasing  flavor.  The  tree  grows  to  a  height  of  40  or  50  feet  in  the  wild  condition 
in  the  mountains  and  moist  gulches,  and  bears  fruit  freely.  The  usual  season  is  from 
June  to  September.  It  is  probable  that  some  interesting  results  would  be  obtained  by 
the  crossing  of  this  species  with  some  of  the  more  highly  flavored  species  of  Eugenia, 
such  as  E.  mtehelii  {=E.  uniflora).^*    (Higgins.) 

Digtribution. — ^Throughout  the  Polynesian  islands;  varieties  in  cultivation  in  Bengal 
and  Burma. 

86413.  PsmiuM  laubifolium  Bei^. 

From  Port  of  Spain,  Trinidad.  Presented  by  Mr.  F.  Evans,  acting  superini 
tendent,  Botanical  Department,  Department  of  Agriculture.  Received 
December  10, 1909. 

"Jelly  made  from  this  fruit  has  been  found  to  be  of  considerable  value,  from  the  fact 
that  by  its  agreeable  acidity  it  is  quite  distinct  in  flavor  from  the  ordinary  guava  jelly 
made  from  Psidium  guajava  and  P.  polycarpum.  It  Iq  also  said  that  it  ^jellies'  much 
quicker  than  the  common  West  India  guava. 

"It  is  a  plant,  therefore,  which  is  likely  to  become  widely  distributed  on  account  of 
its  usefulness.  The  jelly,  with  soda  and  ice,  makes  an  excellent  'soft '  or  *cool '  drink 
equal  to  or  better  than  any  of  the  ordinary  fruit  sirups.''  (Extract  from  Bulletin  57, 
Trinidad  Botanical  DepartJnerU,  January  ^  1908.) 

DiitribtUion. — The  vicinity  of  Masaya,  near  the  Pacific  coast  of  Nicaragua. 

26414  to  26418.    CirBULLUs  vuloabis  Schrad.  Watermelon. 

From  Salisbury,  Md.  Grown  by  Mr.  W.  F.  Allen;  presented  through  Prof.  W.  W. 
Tracy.    Received  December  15, 1909. 

Seeds  of  the  following  selections  made  from  the  Roumanian  watermelons  received 
trough  Consul  Knowles;  notes  by  Mr.  Allen: 

26414.  Rind  nearly  white;  yellow  flesh;  reddish-brown  seeds. 

26415.  Striped  rind;  red  meat;  reddish-brown  seeds. 

26416.  Rind  nearly  white;  red  flesh;  reddish-brown  seeds. 
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26414  to  8641fr— Continued. 

26417.  Striped  rind;  red  flesh;  black  seeds. 

26418.  Rind  nearly  white;  red  flesh;  small  reddish-brown  seeds.  This 
variety  was  quite  uniform,  there  being  only  one  type;  grown  from  the  second 
lot  of  S.  P.  I.  No.  22658,  received  May  14. 

26421  to  26423. 

From  Hwai  Yuan,  via  Nanking,  China.    Presented  by  Mr.  Samuel  Cochran, 
American  Presbyterian  Mission.    Received  October  15,  1909. 

Seeds  of  the  following;  notes  and  native  names  by  Mr.  Cochran: 

26421.    CiTRULLUs  VULGARIS  Schrad.  Watennelon. 

'* Hwang  jang  hsi  kwa,"  yellow  fleshed. 

26422 and  26423.    Brassica pekinensis  (Lour.)  Skeels.    Pe  tMi  cabba^. 

26422.     Tang  pei  ts^ai  (soup  white  vegetable). 

Planted  in  spring,  summer,  and  autumn  by  sowing  thickly  on  tteMj 
cultivated  soil  and  then  raking  in.  Ready  for  use  in  20  to  30  days.  Eaten 
boiled.  It  is  also  sometimes  transplanted  from  the  beds  sown  as  above 
into  rows,  each  bunch  being  a  foot  or  so  apart.  It  then  grows  into  large, 
thick-stalked  bimches  which  are  pickled  and  eaten  during  the  entire 
year.  It  is  gathered  at  first  hoarfrost  when  grown  in  this  way,  as  the 
first  frost  kills  it. 

26423.    P^iao  pei  t8*ai  (dipper  white  v^etable). 

So  called  from  the  shape  of  the  leaf.  Sown  in  beds  in  August  and  trans- 
planted into  rows  in  bunches,  each  clump  being  separate.  It  is  trans- 
planted in  September  or  early  October,  and  is  ripe  when  snow  ^lls;  it 
continues  to  ripen  through  the  winter  in  spite  of  frost  and  snow,  but  its 
quality  is  improved  by  being  cov^ed  with  straw. 

26424  to  26438. 

Procured  by  Mr.  A.  J.  Perkins,  of  the  firm  of  Jackson  &  Perkins,  Newark,  N.  J., 
while  making  a  trip  through  Japan.    Received  December  8, 1909. 

Seeds  of  the  following  obtained  in  Japan,  unless  otherwise  noted;  descriptive  notes 
by  Mr.  Perkins: 

26424.  Akbbia  lob^ta  Decaisne. 

A  vine  from  which  baskets  are  made  at  Aomori,  Japan.  It  is  used  as  an 
ornamental  in  the  United  States.  Seeds  of  an  especially  laige-fniited  variety 
as  well  as  a  common  kind  are  contained  in  this  lot. 

See  No.  24744  for  previous  introduction  and  distribution. 

26425.  CrrRUS  sp.  Orange. 

**  Yusu.*^  A  Japanese  sour  orapge,  round  and  flat.  Used  as  lemon  and  as  a 
stock. 

26426.  Citrus  trifoliata  L. 

Seed  from  a  tree  in  the  Yokohama  Nursery  Co.'s  grounds. 
26427  and  26428.    CucuRsrrA  pepo  L.  Bqnaah. 

26427.  '*  Chirimen.'*    Has  a  rough,  knotted  exterior;  named  after  a 
kind  of  silk  having  rough  knots  in  its  texture. 

26428.  *^Kihiza.**    Has  a  smooth  exterior,  as  its  name  signifies. 

Both  these  kinds  are  said  to  have  yellow  meat  1}  inches  thick  which 
is  of  fine  flavor  when  boiled. 
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28424  to  26489— Continued. 

26429.  DiospTBOS  kaki  L.  f .  Pexnmxnon. 
Theee  seeds  are  from  nonastringent  fruit. 

26430.  EuoNYMUS  ozyphtllus  Miq. 
From  Botanical  Gardens,  Sapporo,  Japan. 

DutnbiUion. — ^The  vicinity  of  Port  Ghushan,  Korea;  alsoJatHin. 

26431.  Fedia  8CABI08AEF0LIA  (Fisch.)  Trev. 

'^Omineshi.*'    An  ornamental  herbaceous  perennial  from  Morioka,  Japan. 

DistrHmHon. — ^The  provinces  of  Chihli,  Shingking,  Kiangsu,  Chekiang, 
Fukien,  Hupeh,  and  Ewangtung,  in  China;  Korea,  and  Japan. 

26432.  FmifiANA  sdiflex  (L.)  W.  F.  Wight 
"Ao  giri."    From  Morioka,  Japan. 

26483.    HoBDBUM  distighon  nudum  L.  Naked  barley. 

"Skiratama^^  (white  grain).  Winter  barley,  procured  by  Prof.  Gentau 
Tamada,  from  Morioka,  Japan. 

26434.    HoRDEUM  vulqare  coelestb  L.  Barley. 

'*  Marumi'*  (round  seed).    From  Messrs.  Aizawa  &  Co.,  Sapporo,  Japan. 

26436  and  26436.    Perilla  nankinensis  (Lour.)  Decais. 

26436.    White  or  green  leaved  variety. 

26436.    Purple-leaved  variety. 

Known  in  Japan  as  ''Shiso;*'  edible,  being  used  as  a  condiment  in 
cooking  and  to  color  pickles  in  combination  with  Prunus  mume. 

DistriJbvJtion, — ^The  provinces  of  Kiangsi  and  Szechwan,  China;  also 
Japan. 

26437.  PrrHBooLOBnnf  dulcb  (Rozb.)  Benth. 

From  Kapiolani  Park,  Honolulu,  Hawaii.    See  No.  23457  for  description. 

26438.  Sesamum  obdsntalb  L.  Seeame. 
Black  seeded. 

26489.    Zanthozylum  piPERrruM  (L.)  DC. 

^^San-sho.**    A  condiment,  purchased  in  Hakodate. 

Diatributum, — Provinces  of  Shensi  and  Shantung,  eastern  China;  the  island 
of  Port  Hamilton,  in  the  Korean  Archipelago;  and  the  woods  on  the  mountain 
slopes  in  central  Japan. 

26440.    Anona  lonoifloba  S.  Watson. 

From  Altadena,  Cal.    Presented  by  Mr.  F.  O.  Popenoe.    Received  December  20, 
1909. 
Budwood  taken  from  the  tree  which  produced  the  seed  sent  in  under  S.  P.  I.  No. 
26298,  which  see  for  description. 

86441.    Anona  sp. 

From  San  Salvador,  Salvador,  Central  America.    Presented  by  Mr.  H.  F.  Schultz, 
Ancon,  Canal  Zone,  Panama.    Received  November  23,  1908. 

''  I  obtained  the  seed  of  this  Anona  from  a  friend  of  mine  whom  I  met  in  Panama 
and  who  mailed  it  to  me  from  San  Salvador,  Salvador.  When  I  saw  him  at  Ancon 
he  spoke  very  highly  of  these  *  sugar  apples '  of  his  country;  beyond  his  verbal  descrip^ 
tions,  which  were  very  general,  I  have  no  guide  regarding  the  identity  of  the  species.'' 
{SAultz.) 
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86442  to  26466. 

The  following  seeds  were  turned  over  to  this  office  by  Dr.  R.  fi.  True,  {rttyaiokigist 
in  ch&zge  of  Drug-Plant,  Poisonous-Plant,  PhyBiological,  and  Fennentation 
Investigations,  for  distribution,  December  27,  1909. 

26442.  Atbopa  belladonna  L.  BeUadomia. 

26443.  Galbndxtla  ofhcinalis  L.  Potmarlgnid. 

26444.  Cannabis  bativa  L. 
26446.  Cabum  gabvi  L. 

26446.  Nbpeta  gatabia  L.  Catn^. 

26447.  GONltTM  MAOULATUM  L.  OoDJiiin. 

26448.  CoBiANDBUM  BATEvcTM  L.  Oorinndar. 

26449.  'DiorrAUS  pubpubea  L. 
26460.  FoENicuLXTM  vuloabb  Hill. 
26401.  Inula  anBLENnnf  L.  Btowunpiw. 
26452.  Lobelia  inflata  L.  Indian  tobaeco. 
26403.  Althaea  officinalis  L.  XaiahmBllow. 

26454.  MoNABDA  FisTULosA  L.  Hoiseminl 

26455.  Spigelia  mabilandica  L.  Mazyland  pinkroot. 

26456.  S'esamum  obibntalb  L.  Sesame. 
White  seeded. 

26457  to  26469.    Hordeuh  spp.  Hull-less  barley. 

From  Nara,  Japan.  Procured  by  Mr.  A.  J.  Perkiiis,  from  Dr.  G.  Nakamma, 
director,  Experiment  Station.    Received  December  22,  1900. 

Seeds  of  the  following;  descriptive  notes  by  Mr.  Perkins: 

26457.  ** Zun-paku-mugi."    Pure  white  naked  barley;  produces  1.751  koko 
per  tau  (one-fourth  acre)  and  is  hardy. 

26458.  "  Yane-hadake."    This  is  hardy  and  produces  more  than  1  koko 
per  tau. 

26450.  ''Kama-ore  "    Produces  2.005  koko  per  tau  and  is  useful  for  both 
grain  and  straw. 

26460.      CiTBUS  TRIPOLIATA     L. 

From  Tokyo,  Japan.    Presented  by  Prof.  Y.  Kozai,  director,  Imperial  Agricul- 
tural Experiment  Station.    Received  December  27,  1909. 

Laige  seeded.    To  be  used  for  stocks. 

26462  to  26466.    Trifolium  subbotundum  Steud.  &  Hochst. 

From  Adis  Ababa,  Abyssinia.  Presented  by  Mr.  HofiEman  Philip,  American 
minister.    Received  December  20, 1909. 

Seeds  from  plants  found  in  a  shady  garden;  descriptive  notes  by  Mr.  Philip: 

26462.    Most  profuse  variety;  full  flower;  laige  leaves  light  in  center;  grows 
to  height  of  about  1}  feet. 

26468.    Full  flower;  small  leaves;  grows  to  height  of  about  1  foot;  not  very 
profuse. 

26464.  Grows  to  hei^t  of  about  3  feet;  not  very  eroct;  burge  leaves,  all  one 
color. 

26465.  Grows  to  height  of  about  2  feet;  not  very  erect;  very  narrow  leaf/ 
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26470.    Sfondias  dulgis  Forst. 


Wefipuit- 


CCI 


From  Monrovia,  Liberia.    Presented  by  Mr.  E.  L.  Parker,  commisBioner  of  agri- 
culture.   Received  December  30, 1909. 

'The  we  fruit  (pronounced  vee)  or  Tahiti-apple.  The  tree  is  of  rapid  growth, 
highly  ornamental,  and  attains  a  height  of  50  feet  in  its  native  habitat.  The  golden- 
yellow  fruits,  about  2  to  3  inches  in  diameter,  are  produced  in  loose  clusters.  The 
brownish-yellow  flesh  partakes  of  the  flavor  of  a  pineapple  and  most  people  become 
very  fond  of  the  fruit  when  once  accustomed  to  it. 

'*The  we  fruit  is  indigenous  to  the  Society  Islands  and  is  now  disseminated  to  most 
tzopical  countries.  In  Florida,  where  it  has  fruited  in  Miami  and  Lemon  City  for  at 
least  lour  years,  it  appears  well  adapted  to  well-drained  land  underlaid  with  coral 
limestone.  It  is  a  trifle  less  hardy  than  the  mango,  to  which  plant  the  we  fruit  is 
related."    (P.  /.  WesUr.) 

Distribution, — Cultivated  throughout  the  Tropics;  probably  native  in  the  Polynesian 
islands. 

PUBLICATION  OF  A  NEW  NAME. 


26078.    Capriola  incompleta  (Nees)  Skeels. 
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Aoada  sp.,  26163. 

ardinea,  26162. 

Umgifolia,  26304. 
Aextoxicon  puTicUUum,  26305. 
Akebia  lobaUiy  26424. 
Aleuritesfordii,  26279. 

trispermaj  26050. 
Alfalfa  (Africa),  26181.  ^ 

(Algeria),  26161. 

Grimm,  26117. 

(Turkey),  26130. 
Allium  cepa,  26134. 
AlQiata  offidrudis,  26453. 
Amygdalus  andersoniif  26297. 
Andropogon  halepenais  virgatuSf  26301. 

garghum,  26145,  26146. 
Afuma  sp.,  26441. 

cherimola,  26148  to  26155. 

Umgiflora,  26298,  26440. 

squamogaj  26203,  26290. 
Apium  graveolens,  26068. 
Apricot  (India),  26048. 
Ardia  cordtUa,  26069,  26288. 
Aristotelia  macqui,  26306. 
Arraeacia  sp.,  26204. 
Atropa  heUadonna,  26442. 
AttdUa  eokunCf  26387. 
Avena  mtiva,  26228,  26229,  26307,  26308. 

Bamboo  (CSiUe),  26310, 26311. 
Banucalag.    See  AUuriUs  trisperma. 
Barley  (Africa),  26179. 

hull-less,  26433,  26457  to  26459. 

(Japan),    26433,    26434,    26457    to 
26459. 
^orringtcnia  asiaticaj  26164. 
BaMnia  acummatay  26165. 
Bean,  horse,  26141,  26253,  26282,  26294 

to  26296. 
Beet,  wild  (Sicily),  26067. 
^  wlgaris,  26067. 
Blackberry,  parsley-leaved,  26238. 
iV^  trifolicUa,  26309. 
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Boussingaultia  haselloidesj  26177. 
Bramca  oleracea  capUata,  26241. 
pehinensisy  26422,  26423. 
BtUea  monosperma,  26167. 
Byrsonima  coHnifolia,  26205. 

Cabbage  (Manchuria),  26241. 

Pe-tsai.    See  Bramca  pekinensis. 
Caesalpinia  eoriariay  26171. 
Calendula  officinalis,  26443. 
Cannabis  sativa,  26444. 
Capriola  incompleta,  26078. 
Carica  papaya,  26224,  26291. 
Carum  carvi,  26445. 
Caryophyllus  malaccensis,  26412. 
Cassia  auriculata,  26168. 

glauca,  26169. 

grandis,  26170. 
Castanea  hybrids,  26230  to  26235. 
Cedrela  odorata,  26178. 
Celery,    "Improved    Paris    celeri-rave, 

26068. 
Cherimoyer  (Chile),  26148  to  26155. 
Cherry,  flowering,  26246  to  26252. 

(India),  26144. 
Chick-pea.    See  Cicer  arieiinum. 
Chinese  date.    See  Zizyphus  saliva. 
Chrysanthemum  hybridum,  26189. 
Chusquea  quila,  26310,  26311. 
Cicer  arieiinum,  26193,  26194. 
Citrullus  vulgaris,  26156  to  26158,  26225  to 

26227,  26312, 26414  to  26418,  26421. 
Citrus  sp.,  26425. 

aurantium  sinensis,  26147,  26182, 
26209  to  26219,  26398. 

bergamia,  26123. 

lim£tta,  26220,  26221. 

lirrumum,  26222,  26223. 

tri/oliata,  26426,  26460. 
Conium  maculatum,  26447. 
Copemicia  tectorum,  26388. 
Coriand^m,  sativum,  26448. 
Com  (Germany),  26389  to  26397. 
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Cotton,  Abbaai,  26136. 

(Arabia),  26408. 
Ck)wpea,  black,  26303,  26399,  26400. 

buff,  26302,  26404,  26405. 

maroon,  26403. 

(Rhodesia),  26399  to  26406. 

(Uganda),  26302,  26303. 
Orab  apple  (India),  26143. 
Crataeffua  azarolus,  26116,  26354. 
CroUdoaria  juTuxa,  26356. 
Cucumber  (Syria);  26111. 
Oujeumis  melo,  26201,  26313. 

9atxvuiy  26111. 
Cueurbita  pepo,  26110,  26427,  26428. 

Dcmihonia  semiannuUiris,  26119. 
Digitalis  pwrj/wrea,  26449. 
Diospi/ros  disooloTy  26112. 

kaH,  26429. 
Dolichos  UfioruBy  26357. 
hhlahy  26358. 

Emhoihrium  coodneum^  26314,  26315. 
Eucalyptus  hotryoides^  26258. 

gonioccdyx,  26257. 

pauciflora,  26259. 

sideroxylon,  26256. 
Bucryphia  oordifolia,  26316. 
Euxmymus  oxyphyllxis^  26430. 

Fedia  scdbiosaefolia,  26431. 
Finjoa  uUowiomay  26120,  26121. 
Ficm  benghalensisj  26173. 

cannonii,  26174. 
Firmiana  simplex^  26432. 
Foeniculum  vulgare,  26450. 
i^Vo^oria  sp.,  26137. 
Funtumia  elcutica,  26184. 
Furcraea  bedinghavsi,  26186. 

Oarcinia  hrasiUensiSf  26243. 

TTumgostana,  26363  to  26385. 
Qemdna  avellcma,  26317,  26318. 
Gladiolus  Bp.,26U2, 
Gladiolus  (Transvaal),  26142. 
Glycine  hispida,  26051  to  26054,   26159, 

261§0,  26236,  26237. 
Gooseberry  hybrids,  26138  to  26140. 
Gossypium  harhadense^  26136. 

kirsutumy  26408. 
Granadilla.   SeePassifloraquadrangularis. 
Grass,  New  Zealand  rice.     See  Microlaena 

sHpoides. 
wallaby.    See  Danthonia  semian- 

nuUtris. 
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Greigia  sphaeelala,  26319. 
Guizotia  abyssinica,  26359. 
Gunnera  chUensis,  26320. 
GyTrmodadus  ckmenais,  26281. 

Haematoxylum  campednanum,  26176. 
Hordeum  sp.,  26457  to  26459. 

dislichon  nudum,  26433. 

vtdgare  coelesU,  26434. 
Husk  tomato.    See  Physalis  ixocarpa. 

Inula  heleniurrij  26451. 
IpoTnoea  sinuata,  26411. 

Kaempferia  sp.,  26188. 

*  *  Karroe  bush. ' '    See  PenUia  ineana. 

Kusa.    See  Cueurbita  pepo. 

Laureliofsempervirens,  26321. 
Lemon,  Bijou,  26222. 
white,  26223. 
Lime,  bitter,  26221. 

common,  26220. 
Lobelia  inflata,  26452. 
Logwood,  26176. 
Lolium  strictum,  26200. 

Mabola.    See  Diospyros  discolor, 
Malus  sylvestrisy  26143. 
Mangifera  truKoa,  26125. 
Mango,  Julie,  26125. 
Mangosteen.    See  Garcinia  mangoitana. 
Manila  hemp.    See  Musa  textUis. 
MayUnus  boaria,  26187>  26322,  26323. 
Medicago  kispida,  26073,  26074. 

eonfinisy  26070. 
mgra,  26071,  26072. 
tertbeUum,  26075. 
muricatay  26076. 
9ativa,    26117,     26130,     2616L 

26181,  26461. 
seutellata,  26077. 
Meitemickia  werckUiy  26353. 
Meyer,  F.  N.,  seeds  obtained,  26131  to 

26133. 
Microlaena  stipoideSy  26118. 
Millet,    Pearl.     See   Pennisetum  anuri' 

canum. 
Monarda  fistuJosa,  26454. 
Mountain-apple.     See  Caryophyllus  ma- 

laccensis. 
Mucuna  gigoTitea,  26115. 
Musa  textUis,  26062  to  26065. 
Muskmelon  (Chile),  26313. 
(China),  26201. 
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Nepela  cataria,  26446. 
Nbihofoffus  sp.,  26324. 

Oak,  Vaionia,  26242. 
Oat  (Chile),  26307,  26308. 
Fichtelgebiige,  26229. 
Ligowa,  Giant  of,  26228. 
Onion,  Denia,  26134. 
Orange,  beigamot,  mellaroea  plena,  26123. 

Bittenconrt,  26211. 

Blood,  26182. 

Botelha,  26210. 

Dom  Louise,  26213. 

Dulciseima,  26216. 

Egg,  26214. 

Excelsior,  26215. 

Long,  26209. 

(Mexico),  26398. 

Navel,  26218. 

Nonpareil,  26212. 

Silver,  26219. 

Usher's  Favorite,  26147. 

white,  26217. 

Yusu,  26426. 

Panieum  sp.,  26267. 

Papaw  (Dominican  Republic),  26224. 

(India),  26291. 
Parmmtiera  cereifera,  26206. 
PoMtiflora  maliformis,  26269. 

quadrangularis,  26268. 
Penniaetum  americanum,  26180. 
PerUzia  XTuxma,  26266. 
Perilla  nantinensis,  26435,  26436. 
Persimmon.    See  Diospyros  hahi. 
Phateolus  max,  26360. 

radiaim,  26361. 
Phofimia  villaWy  26133. 
Pkytalis  ixocarpaj  26195. 
Pinus  pinceanaf  26283. 
Piihecolohium  dulce,  26172,  26437. 
Plum  (India),  26049. 
Polakowskia  tacaco,  26244,  26245. 
Pomegranate  (Tripoli  in  Barbary),  26386. 
Pojmlus  lasiocarpa,  26355. 
Potato  (Alaska),  26208. 

(Chile),  26327. 

(Colombia),  26126  to  26129. 

(Scotland),  26122. 
?rot€a  mellifera,  26207. 
Pmnus  sp.,  26049,  26132,  26246  to  26252. 

coTneniaca,  26048. 

paduif  26144. 
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Pndium  laurifolium,  26413. 
Punica  granatum,  26386. 

Qriercus  aegilops,  26242. 
Quillaja  8aponariay  26325. 

Radish  (Japan),  26284  to  26287. 
Miyaflhige,  26287. 
Nerima,  26285. 
Sakurajima,  26284. 
Takuwan,  26286. 
Raphanus  sativtLg,  26284  to  26287. 
Raspberry,  November  Abundance,  26239. 

Superlative,  26240. 
RhaphUhamnua  parvi/ol%u8y  26326. 
Ribes  hybrids,  26138  to  26140. 
Ro9a  sp.,  26344  to  26352. 

canina,  26265. 
Rose,  Bonnie  Belle,  26345. 
Coquina,  26348. 
Delight,  26346. 
Excelsa,  26351. 
Jessica,  26352. 
Kalmia,  26344. 
Lady  Blanche,  26350. 
La  Fiamma,  26347. 
(Mexico),  26265. 
Milky  Way,  26349. 
Rose-apple,  laige.    See  Caryophyllus  ma- 

laccenais, 
RoysUmea  rtgia,  26300. 
Ruhu8  sp.,  26197,  26198,  26238  to  26240. 
harnJbu9arumy  26270. 
chroosepaluBy  26275. 
conduplicatiLS,  26276. 
coreanus,  26277. 
hypargyruSy  26278. 
ichangennsy  26272. 
innomiTiatuSf  26271. 
lamherixanuBy  26274. 
pcarheri,  26273. 

Saccharum  officinarunif    26055   to   26061, 

26196. 
Sapindu8  mukorossiy  26280. 
Schabdar.    See  Tri/oliumsuaveolens. 
Sesame.    See  Sesamum  orientale. 
Sesamum  orientale,  26438,  26456. 
Shasta  daisy.     See    Chrysanthemum    hg- 

bridum. 
•'Sherungulu,''  26188. 
Silene  sp.,  26202. 

Solanum  sp.,  26122,  26126  to  26129,  26327. 
tuberosum f  26208. 
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SEEDS    AND    PLANTS    IMPORTED. 


Sophora  tetraptera,  26328. 

Sorghum,  Durra  (India),  26145,  26146. 

Soy  bean,  black,  26054. 

(China),  26051  to  26054,  26159, 

26160. 
green,  26053,  26160. 
(Natal),  26236,  26237. 
yellow,    26051,    26159,    26236, 

26237. 
yellowish  green,  26052. 
Spigelia  marilandicaf  26455. 
Spandias  dulds,  26470. 
Squash  (Japan), -26427,  26428. 
Stuolobium    sp.,    26183,    26185,    26289, 

26292,  26293. 
Strawberry,  white,  26137. 
Sugar  cane  (Australia),  26055  to  26061. 

Lahina  (Hawaii),  26196. 
Sweet  cup.    See  Pasnflora  mali/ormis. 

Tahiti-apple.    See  Spondias  dulcis. 
Tea  (China),  26330  to  26343. 

cliff-grown,  26333  to  26336. 
Tepualia  stipularis,  26329. 
Thea  ttinamSy  26330  to  26343. 
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Thespetia  lampas,  26166. 
Tkryalis  glaum,  26175. 
Dri/olium  nutveolens,  26135. 

snhrotundum,   26124,    26462   to 
26465. 

Udo,  Kan,  26069,  26288. 
Undetermined,  26199,  26299. 

Viciafaba,  26141,  26253,  26282,  26294  to 

26296. 
Vigna  catjang,  26362. 

unguicukUa,  26302,  26303,  26399  to 
26406. 

Watermelon  (Chile),  26312. 

(China),     26156     to    26158, 
26421. 

(Roumania),  26225  to  26227. 

Roumanian,  26414  to  26418. 
We  fruit.    See  Spondiaa  dulcis. 
Wood-oil  tree,  China.   See  AleuritesfordiL 

Yonja  (al£alfa\  Turkey,  26130. 

Zanthoxylum  piperitum^  26439. 
Zea  mays,  26389  to  26397. 
Zizgphus  sativa,  26109. 
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